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ABSTRACT
The Marion Plateau located between 18°S and approximately 23°S in the area beyond 
the Great Barrier Reef offshore between Gladstone and Townsville is the most southerly 
of the marginal plateaus in northeastern Australia. It forms a deeper extension of the 
Queensland continental shelf with water depths ranging from 100m along its south 
western margin to 500m along the northern and eastern margins. The plateau is bound 
along its northern margin by the Townsville Trough; by the Cato Trough along the 
eastern margin; and the central Great Barrier Reef to the south west. Modern reef 
development on the Marion Plateau is confined to Marion Reef in the north and 
Saumarez Reef in the south. The plateau is part of a slowly subsiding upper plate margin 
and the plateau summit remained exposed throughout the Palaeogene during which 
time it was planated to form a gently dipping relatively smooth plateau summit with a 
maximum width of 200 km.
The cover sequence on the plateau is thought to range in age from ?Late Cretaceous 
to Recent and consists of four seismic megasequences (MSA, MSC, MSC, MSD). The 
megasequences correspond to the major depositional episodes on the plateau and all but 
the lower part of MSA are part of a ?Late Oligocene to Recent carbonate platform.
Carbonate sedimentation probably started in the ?late Oligocene when cool water 
mounds (MP1) where deposited on what was the outer shelf and upper slope of the eastern 
plateau when it occupied a position between 35°- 31° S. The MP1 platform evolved 
through five stages to form a composite stack of mounds up to 400 m thick and 50 km 
across. The complete cool water platform measured 400 km from north to south, was up to 
80 km across and 400 m thick. An influx of warm water, coincident with the first flooding 
of the entire plateau due to a relative rise in sea level led to a change in carbonate 
producing biota and the to the initiation of a large warm water platform (MP2) in the 
central and northern plateau during Early Miocene time. MP2 evolved through 4 stages, 
and during the first three phases of growth the platform margin prograded on average 10 
km into the Townsville Trough (maximum of 16 km) and about 20 km across the eastern 
plateau (maximum 30 km) increasing the area of the platform by approximately 50 %. The 
demise of MP2 was bought about by a second order fall in sea level, during the following
second order rise an Upper Miocene platform (MP3) developed as a lowstand complex on 
the eastern part of the plateau. MP3 evolved through four stages in response to third order 
fluctuations in sea level during an overall second order rise in sea level.
A subsidence pulse in the Early Pliocene, combined with an influx of terrigenous detritus 
and cool surface waters probably caused the demise of MP3, prevented the recolonisation 
of MP2 and led to the drowning of the plateau.
The platforms, through their growth phases, preserve a Late Oligocene to Pliocene event 
stratigraphy which suggests that there where at least fourteen third order fluctuations in sea 
level during this period. Furthermore, the highstand/lowstand relationship between the 
MP2 and MP3 carbonate platforms records the magnitude of the Middle to Late Miocene 
second order fall sea level for the Cainozoic and shows it to have an amplitude between 
104 to 180 m depending on what palaeowater depth is assumed for the initiation of the 
MP3 platform. If MP3 is assumed to have been a warm water platform then the amplitude 
of the Middle to early Late Miocene second order fall in sea level was at least 180 m.
vi
TABLE OF CONTENTS
CHAPTER 1 - INTRODUCTION, PREVIOUS WORK 
AND SCOPE OF STUDY
1.1 INTRODUCTION 1
1.2 BATHYMETRY OF THE MARION PLATEAU 2
1.3 PREVIOUS WORK 4
1.4 TECTONIC SETTING AND STRUCTURAL EVOLUTION OF THE 6
MARION PLATEAU
1.4.1 Structure of the Marion Plateau 6
1.4.2 Tectonic Evolution of The Marion Plateau 10
1.5 SCOPE OF STUDY 12
1.6 DATA BASE 15
1.6.1 Seismic Data 15
1.6.2 Sampling 15
APPENDIX 1.1 - Dredge Samples 22
CHAPTER 2 - SEISMIC STRATIGRAPHY OF THE 
MARION PLATEAU
2.1 INTRODUCTION 23
2.1.1 Basement 23
2.2 SEQUENCE STRATIGRAPHY 24
2.2.1 MEGASEQUENCE A 27
2.2.1.1 Distribution and thickness 27
2.2.1.2 Age 27
2.2.1.3 Seismic Characteristics 27
2.2.2 MEGASEQUENCE B 32
2.2.2.1 Distribution and thickness 32
2 2 .2.2 Age 32
2.2.2.3 Seismic Characteristics 32
2.2.3 MEGASEQUENCE C 35
vii
2.2.3.1 Distribution and thickness 35
2.2.3.2 Age 35
2.2.3.3 Seismic Characteristics 35
2.2.4 MEGASEQUENCE D 38
2.2.4.1 Distribution and thickness 38
2.2.4.2 Age 38
2.2.4.3 Seismic Characteristics 38
CHAPTER 3 - ROCK TYPES, FACIES AND AGE
3.1 INTRODUCTION 44
3.2 LITHOFACIES AND AGE 46
3.2.1 DREDGE SAMPLES FROM THE NORTHERN MARION 46
PLATEAU
3.2.1.1 Early-Middle Miocene floatstone and rudstone 46
3.2.1.2 Late Miocene to Quaternary limestone 54
3.2.1.3 Latest Miocene Rudstone 55
3.2.1.4 Latest Miocene-Pliocene Floatstone 55
3.2.1.5 Pliocene Wackestone 55
3.3.6 Quaternary Floatstone 58
3.2.2 ODP SITES 58
3.2.2.1 Site 815 58
3.2.2.2 Site 816 64
3.2.2.3 Site 826 73
3.2.3 Southern Marion Plateau 81
3.2.3.1 Scarp 81
3.2.3.2 Mounds 89
3.3 Conclusions 89
3.3.1 Facies Association 90
3.3.2 Significance of the N.12 neritic carbonate sediments at site 815 90
3.3.3 Platform demise and drowning 91
3.4 Summary 94
APPENDIX 3.1 - Backstripping of ODP Sites 815 to 816, northern 96
Marion Plateau.
CHAPTER 4 - DIAGENESIS AND CEMENT STRATIGRAPHY
4.1 INTRODUCTION 97
4.2 METHODS 97
4.3 NORTHERN MARION PLATEAU 98
4.3.1 Early Miocene To Middle Miocene Shallow Water Limestone 98
4.3.1.1 Botryoidal Aragonite 99
4.3.1.2 Isopachous Fibrous Rim Cement 101
4.3.1.3 Syntaxial Overgrowths 101
4.3.1.4 Bladed to Granular Pore Lining Cements 101
4.3.1.5 Granular or Blocky Cement 101
4.3.1.6 Apatite Crusts 108
4.3.1.7 Coarse Equant Spar 108
4.3.1.8 Dolomitization 108
4.3.2 ODP Sites 112
4.3.2.1 Site 816 113
4.3.2.2 Site 826 113
4.3.3 OTHER PROCESSES 121
4.3.3.1 Micrite Envelopes 121
4.3.3.2 Formation of Moulds 121
4.3.3.3 Cavities 121
4.4 CEMENT STRATIGRAPHY AND INTERPRETATION 122
4.4.1 Timing of Dolomitization 124
4.5 SUMMARY OF THE CEMENT STRATIGRAPHY 127
4.6 QUATERNARY FLOATSTONE 133
4.7 SOUTHERN MARION PLATEAU 133
4.7.1 Late Miocene Rhodolith Floatstone and Pliocene Condensed 133
viii
Section
ix
4.7.1.1 Botryoidal Aragonite 138
4.7.1.2 Isopachous Fibrous to Bladed Rim Cements 138
4.7.1.3 Blocky Spar 138
4.7.1.4 Syntaxial Overgrowths 138
4.7.1.5 Equant Spar 144
4.7.1.6 Apatite and Manganese Crusts 144
4.7.1.7 Dolomitization 144
4.7.1.8 Other Processes - Micrite 144
4.7.2 Cement Stratigraphy and the Environments of Precipitation 144
4.7.3 Pleistocene Floatstone 150
4.8 SUMMARY 150
4.8.1 Timing of Exposure 150
4.8.2 Timing of Phosphatisation 151
4.8.3 Subsidence Regime 152
4.9 DISCUSSION 152
CHAPTER 5 - CARBONATE PLATFORMS OF THE MARION
PLATEAU - ARCHITECTURE AND EVOLUTION
5.1 INTRODUCTION 155
5.1.1 Carbonate platform controls 155
5.1.1.1 Rifting 155
5.1.1.2 Subsidence 156
5.1.1.3 Plate Motion 156
5.1.1.4 Palaeoclimate-Palaeoceanography 159
5.1.1.5 Sealevel Fluctuations 162
5.2 FACIES INTERPRETATION 162
5.2.1 MEGASEQUENCE A 162
5.2.1.1 Seismic Packages A1 and A3 163
5.2.1.2 Seismic Package A2 165
5.2.1.3 Seismic Package A4 166
5.2.1.4 Seismic Package A5 175
5.2.2 MEGASEQUENCE B - Early - Middle Miocene Platform (MP2) 176
5.2.2.1 Seismic Package B1 180
5.2.2.2 Seismic Package B2 180
5.2.2.3 Seismic Package B3 181
5.2.2.4 Seismic Package B4 184
5.2.2.5 Seismic Package B5 184
5.2.2.6 Seismic Package B6 185
5.2.2.7 Platform Evolution 185
5.2.3 MEGASEQUENCE C - Late Miocene Platform (MP3) 197
5.2.3.1 Lower Sequence Boundary 197
5.2.3.2 Discussion 214
5.2.3.3 Downlapped Unconformity 217
5.2.3.4 Seismic Package Cl 221
5.2.3.5 Seismic Package C2 223
5.2.3.6 Seismic Package C3 223
5.23.7 Seismic Package C4 224
5.23.8 Seismic Package C5 226
5.23.9 Platform Evolution 227
5.2.4 MEGASEQUENCE D 223
5.2.4.1 Seismic Package D1 235
5.2.4.2 Seismic Package D2 235
5.2.43 Seismic Package D3 236
5.2.4.4 Seismic Package D4 236
5.2.4.5 Seismic Package D5 236
5.2.4.6 Seismic Package D6 236
5.2.5 MARION REEF PEDESTAL 237
5.3 CONCLUSIONS 241
5.3.1 Geological History and Carbonate Platform Evolution 241
xi
5.3.2 Platform Demise and Drowning and the Formation of 245
Unconformities
5.3.3 Temperate to Tropical Transition of Carbonate Platforms 252
5.3.3.1 Platform Architecture 253
5.3.3.2 Spatial Separation 254
5.3.3.3 Discussion and Implications 258
CHAPTER 6 - OLIGOCENE TO MIOCENE SEALEVEL RECORD
EVENT STRATIGRAPHY AND AMPLITUDE 
CALIBRATION
6.1 INTRODUCTION 261
6.2 EVENT STRATIGRAPHY 262
6.2.1 MP1- ?Late Oligocene - Early Miocene 263
6.2.2 MP2 - Early -Middle Miocene Sea Level Fluctuations 263
6.2.3 MP3 - Late Miocene Sea Level signature 264
6.3 MIDDLE TO LATE MIOCENE SEA-LEVEL FALL - AMPLITUDE 272
ANALYSIS
6.3.1 Sea-Level Signature 273
6.3.2 Backstripping 274
6.3.2.1 Site 1 275
6.3.2.2 Site 2 277
6.3.4 Corrections 283
6.3.4.1 Compaction 283
6.3.4.2 Erosion 284
6.3.4.3 Subsidence 284
6.3.4.4 Palaeowater depth 285
6.3.4.5 Position of the Lowstand 289
6.3.5 Error Analysis 289
6.3.5.1 Middle Miocene High Stand 290
6.3.5.2 Velocity 291
63.5.3 Palaeowater Depths 292
6.3.6 Discussion 292
6.3.7 Conclusions 293
6.4 Miocene Sea Level Record 294
REFERENCES 299
TABLES
C hapter 1
1.1 Summary of the characteristics of the seismic data from the Marion 18
Plateau region.
C hapter 2
2.1 Summary of the seismic characteristics of the megasequences from 25
the Marion Plateau.
2.2 Summary of characteristics of the seismic packages in 26
Megasequence A.
2.3 Summary of the characteristics of the seismic packages in 33
Megasequence B.
2.4 Summary of the characteristics of the seismic packages in 36
Megasequence C.
2.5 Summary of the characteristics of the seismic packages in 39
Megasequence D.
2.7 Comparison of the megasequence and carbonate platform 41
nomenclature for the Marion Plateau.
C hapter 4
4.1 Summary of the cement stratigraphy of the MP2 platform 128
xii
C hapter 5
xiii
5.1 Palaeolatitude of the Marion Plateau at selected times through the 159
Cainozoic.
C hapter 6
6.1 Parameters used to determine the amplitude of Late Miocene sea 269
level fluctuations recorded in the sequences on the northern margin 
of the Marion Plateau.
6.2 Uncorrected estimates (Aslfall) of the magnitude of the Middle to 281
early Late Miocene eustatic sea-level fall.
6.3 Estimates of the magnitude of the Miocene sea level fall after 290
corrections for a range of palaeowater depths at Site 2.
6.4 Summary of the qualitative error analysis obtained by considering 291
the effect of varying the parameters used to derive the magnitude of
the Middle to early Late Miocene eustatic fall in sea level.
FIGURE CAPTIONS 
C hapter 1
1.1 Bathymetric map of the northeast Australian region showing the 3
location of the Marion Plateau and the other major features in the 
region.
1.2 Map showing the tectonic elements of the northeast Australia 7
margin.
1.3 Structure contour map of the basement surface of the Marion 9
Plateau. The contours are in milliseconds of two way time. SRH =
Swains Reef High.
1.4 Schematic diagram showing the possible structure of the Marion 13
Plateau in a detachment model. The Marion Plateau is shown as part
of an upper plate margin.
1.5 Track map of Marion Plateau region showing the pre 1987 seismic 16
data.
xiv
1.6 Track map of the Marion Plateau region show the 1987 BMR 17
seismic data. The dashed lines are from BMR Survey 75 (watergun
source) and the solid lines show the BMR Survey 76 (airgun array 
source).
1.7 Part of BMR multichannel seismic line 75/016 showing the dredge 19
site on the northern margin of the Marion Plateau.
1.8 Part of BMR seismic line 75/64 from the southern Marion Plateau 20
showing the scarp that was dredged.
Chapter 2
2.1 Isopach map of Megasequence A. 28
2.2 Isopach map of Megasequence B. 29
2.3 Isopach map of Megasequence C. 30
2.4 Isopach map of Megasequence D. 31
2.5 Locality map showing the positions of the seismic lines in Figures 2.7 34
to 2.9.
2.6 Seismic data from the southern part of the plateau illustrating seismic 37
package A2 that have been interpreted as a volcanic mound. A.
Shell line 1139 showing a small on basement. B. Shell seismic line 
1140 showing a complex mound resting on basement.
2.7 Seismic data showing two examples of progradation (Seismic 40
Package A3) in Megasequence A that are interpreted as siliciclastic 
near shore deltas. A. BMR seismic line 13/40 from the 
southernmost plateau showing oblique progradation beneath the 
midslope of the plateau. B. BMR seismic line 76/09 showing 
oblique progradation beneath the midslope of the plateau.
2.8 Part of BMR seismic section 75/24 from the eastern Marion Plateau 42
slope to the south of Marion reef showing an infilled canyon.
2.9 Western end of BMR line 75/13 adjacent to the Great Barrier Reef 43
showing the character of seismic packages B1 and D l.
Chapter 3
XV
3.1 BMR seismic section 75/27 Part C across the northwestern edge of 45
the Marion Plateau. This line shows the relationship between the
three ODP holes that were drilled on this part of the plateau.
3.2 Middle Miocene (N.8 or N.8-N.9) sediments dredged from the MP2 49
platform along the northern edge of the Marion Plateau.
3.3 Middle Miocene (N.8-N.9) rudstone with a large vug (10 cm across) 51
filled with Late Miocene (N.17) planktic foraminifer wackestone.
The calcitic pore lining cements of the rudstone were selectively 
dolomitized before the wackestone filled the cavity. Field of view 2 
cm, plane light (75DR/03/5-B2-1).
3.4 Multiple generations of boring organisms have excavated cavities in 52
the Early to Middle Miocene limestones of the Northern Marion 
Plateau.
3.5 A. Late Miocene (N.17B) planktic foraminifer wackestone Field of 56
view 2 cm, plane light (75DR3/7A1). B. Late Miocene (N.17B) 
wackestone as above but showing a reworked Early-Middle
Miocene lithoclast (lower left) and a reworked larger foraminifer 
(Lepidocyclina).
3.6 Pliocene floatstone Middle Miocene (N.9-7N. 10) lithoclasts of 57
dolomitized rudstone and rhodolith in a planktic foraminifer 
wackestone matrix of early Pliocene (N. 19/20) age.
3.7 Late Pliocene (N.21) floatstone which consists of large bioclasts 59
comprising corals and molluscs in a matrix of micrite with planktic 
foraminifer. The micrite is peloidal locally.
3.8 Summary lithostratigraphic columns for Sites 815, 816, 826 on the 60
northwestern edge of the Marion Plateau.
xvi
3.9 Age correlation chart for northern margin of the Marion Plateau. 61
This chart compares the age ranges of sediments recovered at the
three ODP sites with the ages of samples recovered by dredging.
Data are from Shipboard Scientific Party (1991), Chaproniere and 
Pi gram (in press), G C H Chaproniere (pers. comm. 1991). Time 
scale after Berggren et al., (1985).
3.10 Carbonate content of the hemipelagic section recovered at Site 815. 65
Note the variation in carbonate content throughout the section
(from Shipboard Scientific Party, 1991).
3.11 Pliocene (C N .ll) transgressive sand of Unit II at Site 816. 66
3.12 Photograph of contact between the upper bathyal, Early Pliocene, 67 
hemipelagic sediments and the underlying, Middle Miocene, shallow
water rhodolith bearing floatstone and rudstone at site 816. In hole 
A at this site these two units are separated by a transgressive sand 
and gravel unit which may be missing at this hole due to the action 
of the rotary corer.
3.13 Typical Middle Miocene dolomitized, rhodolith bearing rudstone. 68
Note the coral nuclei of the rhodoliths and extensive porosity.
3.14 Well cemented rhodolith bearing floatstone. The rhodoliths vary 69
from 1 cm to 5 cm across and are scattered through a bioclastic
matrix. Geopetal fabrics within the large rhodolith at the center of 
the core indicate that it is the right way up.
3.15 Dolomitized boundstone. The grey area of the core is mostly 70
Porites.
3.16 Dolomitized boundstone consisting of Acropora, Porites, and 71
?Millipora (centre left of core). This assemblage is indicative of
shallow water - less than 20 m in depth (Shipboard Scientific Party,
1991).
xvii
3.17 Dolomitized floatstone and rudstones from Site 816. These 74
sediments are completely dolomitized and show extensive porosity
due to dissolution. The matrix and most of the bioclasts are 
mimically replaced so that the fabric of the sediment is preserved.
The calcitic cements are recrystallised to planar-e dolomite and most 
the voids are lined with an isopachous rim of dolomite.
3.18 Dolostone - polymodal planar dolomite has replaced the matrix, 77
cement and all bioclasts except coralline algae. The coralline algae is 
dolomitized and has been mimically replaced.
3.19 Examples of planar dolomite replacing bioclasts and matrix. Note 79
the increased loss of original fabric from A to C and the porosity in
each example.
3.20 Photomicrographs of limestone from Site 826A showing the texture 83
of the partially dolomites shallow water carbonate sediments from
the upper part of the platform.
3.21 Line drawing of the marine hardground surface and overlying 86
condensed section recovered from the northern slope of the MP3
platform. The original sediment consists of a rhodolith bearing 
rudstone (the lower part of the rock) which is bound on its upper 
side by a hard ground surface which has been bored, impregnated 
with manganese and eroded. Several of the rhodoliths have been 
truncated. The overlying sediment is part of a condensed section 
consisting of a series of anastomosing apatite crusts separated by 
lenses of planktic foraminifer wackestone (see Fig 3.22).
3.22 Late Miocene (N.17A) rudstone from the southern Marion Plateau. 87
The rudstone consists of polyspecific rhodoliths in a matrix of
planktic foraminifer wackestone.
3.23 Schematic cross sections through ODP Sites 815 and 816 showing 93
the parameters used to backstrip the section so that it is restored to
late Middle Miocene (N.12) time.
xviii
Chapter 4
4.1 Botryoidal aragonite cement. 100
4.2 Marine isopachous fibrous cement. 102
4.3 Syntaxial overgrowth on an echinoderm fragment. These 104
overgrowths have been mimically dolomitized.
4.4 Meteoric phreatic cements. Bladed to granular pore lining calcitic 105
cement. These cements vary considerably in crystal morphology but 
were all initially calcite and pore lining. They are now mimically 
dolomitized.
4.5 A phase of phosphatisation in the Pliocene (probably during Zone 109
N. 19/20 time) led to widespread precipitation of apatite crusts 
which initially lined cavities and then episodically lined the residual 
space in a cavity as it slowly filled. Field of view 2.5 mm, plane 
light
4.6 Deep marine spar. The last phase of cementation in the sediments 110
dredged from the northern margin of the Marion Plateau consists of
an equant calcite spar that fills or partially fills pores. This spar 
postdates the precipitation of apatite crusts and in some cases 
manganese crusts.
4.7 A. Dolomite rhombs in the matrix of a partially dolomitized Middle 114
Miocene floatstone. Etched and stained with Alizarin Red S. Field 
of view 1.0 mm, plane light. B. Planar-euhedral dolomite rhombs in 
Halimeda. The preservation of the original texture of the Halimeda 
suggest that the aragonite may have been neomorphosed to calcite 
before dolomitization. The micrite that usually fills and preserves the 
utricles in Halimeda has been dissolved and the mold has dolomite 
crystals scattered along the micrite envelope. Etched and stained 
with Alizarin Red S. Field of view 1.0 mm, plane light.
4.8 Isopachous cavity-lining dolomite rim cement. 116
xix
4.9 Examples of the extensive dissolution and porosity development that 119
accompanied dolomitization of the Middle Miocene sediments of the 
northern Marion Plateau.
4.10 Summary table of the timing of the major diagenetic events that 126
have affected the Early to Middle Miocene shallow water carbonate 
sediments of the Marion Plateau.
4.11 Summary diagram of the diagenetic history of the Early to Middle 129
Miocene shallow water carbonate sediments of the Marion Plateau.
4.12 Peloidal mud in Late Pliocene floatstone from the northern edge of 134
the Marion Plateau.
4.13 Isopachous marine cement on a coral in Late Pliocene floatstone. 136
4.14 Rim cements from the Late Miocene floatstone dredged from the 139 
northern edge of the MP3 platform.
4.15 Foraminifer tests filled with two generations of spar that are now 141
dolomitized. The initial phase is bladed and radiating and has been 
mimically replaced by dolomite. The habit suggests that it may have
been botryoidal aragonite. The second phase is blocky spar which 
has completely filled the pore space.
4.16 Syntaxial overgrowths on echinoderm fragments in a Late Miocene 142
floatstone dredged from MP3. The calcitic cements in this sediment
are mimically dolomitized.
4.17 Deep marine spar in samples from the Late Miocene to Pliocene 145
platform (MP3).
4.18 Apatite crusts in the Pliocene condensed section that encrusts the 147
upper surface of the Late Miocene floatstone from the MP3
platform.
Chapter 5
XX
5.1 Map of the Townsville Trough showing the orientation of the major 156
extensional structures including transfer faults (from Symonds et al.,
1987).
5.2 Latitudinal movement of the Marion Plateau throughout the 157
Cainozoic. The top of the envelope corresponds to 19°S and the 
base to 23°S. (modified from Feary et al., 1991).
5.3 Inferred surface water temperature variation envelope for the Marion 158
Plateau. The envelope is derived from Feary et al., (1991) but 
adjusted so that the late Early Miocene warm water carbonate 
sediments of MP2 fall within the tropical zone.
5.4 Palaeogeographic map of the Marion Plateau region during early 164
megasequence A time. The plateau surface was exposed and 
volcanism may have been occurring to the east and along the 
southern part of the plateau.
5.5 Palaeogeographic map of the Marion Plateau region during late 167
megasequence A time. The eastern and northern edges of the 
plateau had begun to flood and formed a broad shelf in which cool 
water carbonate sediments were deposited.
5.6 BMR seismic line 75/25 and line drawing showing broad low relief 170
mounds located on the eastern edge of the plateau. The mounds 
within megasequence A (MSA) have been interpreted as cool water 
carbonate mounds of Late Oligocene to Early Miocene age. There 
are 5 mounds in MSA and they are draped across what was, the 
outer shelf and upper slope at the time of their deposition. Vertical 
exaggeration is approximately 21:1.
5.7 Sand body geometries for cool water carbonate sediments along a 172
shelf and slope position (based on a diagram provided by T. Boreen,
1991).
xxi
5.8 Esso seismic line 43 from the Great Australian Bight region of 173
Australia's southern margin showing broad low relief mounds 
beneath shelf edge progradation. The mounds are interpreted as 
cool water mounds because the southern margin has been a cool 
surface water environment throughout the Cainozoic. The shelf 
edge progradation is caused by reworking of carbonate debris 
during storms (James and von der Borch 1991).
5.9 Palaeogeographic map of the Marion Plateau region during 178
Megasequence B. The plateau was completely flooded by late Early 
Miocene time. This flooding when combined with wann surface
waters, led to the development of an extensive warm water 
carbonate platform (MP2) across the northern two thirds of the 
plateau.
5.10 Schematic diagram showing the relationships of each facies within a 179
carbonate platform and the nomenclature used to describe them
(from Playford 1980).
5.11 Schematic drawings of idealised carbonate platform margin types 183
showing the main characteristics of depositional margins (A) and
by-pass margins (B) (from Mcllreath and James, 1978).
5.12 Seismic sections illustrating the character of the northern margin of 187
MP2. The margin character varies along strike and between
structural compartments (see text for discussion). Line locations 
shown on Figure 5.15.
5.13 Seismic lines illustrating the character of the eastern margin of MP2. 191
Line locations shown on Figure 5.15.
5.14 Track map showing the location of each of the seismic lines in 192
Figure 5.13, 5.14, 5.16 and 5.17.
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5.15 Line drawings of three interpreted seismic sections across the 
northern margin of MP2 showing the phases of platform 
development. The first three phases show progradation to the north 
into the Townsville Trough. The location of each line is shown in 
Figure 5.15. Line 76/23 is also Enclosure 4.
5.16 BMR seismic data and line drawings of two E-W lines near the 
northern edge of MP2 showing the distribution of reflecting and non 
reflecting seismic facies that have been interpreted as lagoon and 
reef facies respectively. Location of these lines is shown on Figure 
5.15.
5.17 A. Interpreted BMR single channel seismic line 75/18 from the 
northern edge of the plateau showing seismic facies that have been 
interpreted as barrier reef (BR) facies, lagoon (L), patch reef (PR) 
facies and periplatform (P) facies. B. Interpreted BMR seismic line 
75/23 showing a marked change in seismic facies between bedded 
inter reef facies (IR) and reef facies (R). M = water bottom multiple. 
Location of these lines is shown on Figure 5.15.
5.18 Seismic data and line drawing of BMR line 75/25 from the eastern 
edge of MP2 showing four phases of platform development and the 
37 km progradation of this margin. M = multiple. Location of these 
lines is shown on Figure 5.15.
5.19 Map of the Marion Plateau showing distribution of the Early to 
Middle Miocene platform (MP2) and Late Miocene to Pliocene 
platform (MP3). The location of ODP Sites 815, 816 and 826 in the 
northwest comer of the plateau are shown.
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5.20 BMR seismic dip line 72/27C showing synthetic seismic and the tie 203
between the drilling result at the ODP sites 815 and 816. The 
stratigraphic column shows the units described in Chapter 3 and is 
measured in metres below seafloor. Note the top two reflectors on
these lines are caused by the source precursor. True water bottom is 
indicated by the zero depth position on the stratigraphic column.
5.21 BMR strike line 75/27Q through Site 815. The stratigraphic column 204 
shows the units described in Chapter 3 and is measured in metres
below seafloor.
5.22 BMR seismic line 75/27C with the synthetic seismic for Site 815 and 205 
the unconformities in this well highlight in the adjacent column. The 
palaeoenvironments above and below each unconformity are also
indicated.
5.23 Line drawing of a composite seismic section across the northern 208
edge of the MP2 platform showing the development of
unconformities and Late Miocene carbonate platforms on the slope 
of MP2. The line has been assembled from BMR lines 75/27C and 
75/28.
5.24 Schematic drawing of the distribution of sediments on a carbonate 210
platform slope during a second order fall and rise in sea level. The
sea level curve used to construct this model is shown in Figure 5.26.
5.25 Sea level curve used to construct the model of sedimentation 212 
illustrated in Figure 5.25. High and low stands are numbered and
provide the sea level positions in Figure 5.25 and time framework in 
Figure 5.28. The curve is based on the Middle and Late Miocene sea 
level curve of Haq et al., (1987).
5.26 Line drawing of the sediment distribution generated in Figure 5.25 215
emphasising the unconformities with the greatest lithological
contrast across them and therefore are most likely to be imaged on
seismic data.
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5.27 The depositional model shown in Figure 5.25 placed in a time 216
framework to illustrate the distribution of sediment packages and 
environments in time.
5.28 Palaeogeographic map of the Marion Plateau region during 222
Megasequence C. With sea level still below the top of the plateau a 
lowstand carbonate platform (MP3) developed in the southern part
of the plateau.
5.29 Eastern end of BMR line 75/64 showing the platform edge and 228
marginal slope facies of MP3. The marginal slope facies consist four
major phases separated by unconformities suggesting four major 
phases in the growth of the MP3 platform.
5.30 A. Schematic cross section showing the relationship of the MP2 and 229 
MP3 platforms. MP3 is lowstand platform in relation to MP2 and
has developed along the eastern side of the plateau.
5.31 Map of the northern edge of MP2 based on the seismic data set 232
collected during the ODP Site Survey for the sites on the
northwestern comer of Marion Plateau. The map shows the 
distribution of an area of slumps and debris flows adjacent to a 
channel in the margin.
5.32 Palaeogeographic map of the Marion Plateau region during 234
Megasequence D. This is essentially the modem regime which was 
established by the Late Pliocene after a subsidence pulse lead to the 
reflooding and drowning of the plateau.
5.33 Schematic sections of the possible development of the pedestal of 
Marion Reef. A. The likely age of carbonate platforms beneath
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Marion Reef if it is assumed that there is no basement high beneath 
the site. Under these circumstances the pedestal should be made up 
of an MP3 age equivalent platform overlain by a thick section of 
Plio-Pleistocene shallow water platform that was able to keep up 
with the rapid Pliocene relative rise in sealevel. B. This assumes a 
basement high beneath Marion Reef that remained exposed through 
out MP2 and MP3 time. Carbonate platform development was 
established when this high was submerged during the Pliocene and 
kept up to form the pedestal.
5.34 Time space diagram for the Marion Plateau with a summary of the 243
major controlling factors on the development of carbonate platforms
during the last 40 My.
5.35 Summary diagram showing the relationship, in time, of the 244
megasequences and each phase of carbonate platform development.
5.36 Schematic drawing of the top of MP2 showing the relationship 250
between the lowstand and drowning unconformity at ODP Site 816.
5.37 Line drawing of BMR line 75/25 showing the spatial separation 255
between the cool water and warm water platforms along the eastern
edge of the Marion Plateau. At this location the distance between 
the shelf edge and the edge of the shallow water part of the initial 
phase MP2 is approximately 110 km.
5.38 Palaeogeography maps of the Papuan Basin of Papua New Guinea 256
showing the distribution of the Eocene cool water carbonate
platform and the Oligocene to Early Miocene warm water platform.
Note the westward shift of the reef facies (Borabi Trend) away from 
what was the shelf edge during the Eocene (modified after Pigram et 
al., 1989). Spatial separation of the facies is approximately 100 km.
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5.39 Schematic drawing illustrating the change in platform architecture 260
and spatial separation that accompanies the transition from cool to 
warm water carbonate platforms for platforms that have developed 
below storm wave base (A) and within the influence of storm wave 
base (B).
Chapter 6
6.1 Line drawing of the northern edge of MP2 near the ODP transect 267
showing the development of Late Miocene sequences and the 
measurements taken to calculate tire sea level curve for this region.
PI, P2 and P3 refer to the platforms deposited during rising and sea 
level highstand, u l, u2, u3 are lowstand unconformities. See Table
6.1 and text for explanation.
6.2 Sea level curve for the Late Miocene derived from the platforms 270
deposited on the northern slope of MP2. See text for an explanation
of how this curve was constructed.
6.3 Schematic history of deposition for MP2 and MP3 phases of the 276
Miocene to Pliocene carbonate platform deposition on the Marion
Plateau illustrating the lowstand nature of the initial phase of MP3.
6.4 Map showing the distribution of shallow water facies of the MP2 and 278
MP3 phase of carbonate platform growth on the Marion Plateau.
Note the slope and bathyal facies are not shown. The location of 
ODP sites 815, 816 and 826 and dredge sites are shown. Sites 1 and 
2 are the two positions that were backstripped to obtain an estimate 
of the magnitude of the Middle to Late Miocene eustatic fall in sea- 
level.
6.5 Seismic data illustrating the character of the carbonate platforms at 279
Sites 1 and 2. A. Seismic section and line drawing of Site 1 (BMR
Line 75/25). B. Seismic section and line drawing of Site 2 (BMR 
Line 75/64).
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6.6 Schematic section between Sites 1 and 2 illustrating the 282
backstripping procedure and the parameters used in formula 1 and 
2. An example has been carried through each phase to illustrate how 
the numbers in Table 6.2 have been generated. Note that as Z varies 
as a function of S and p5 so ASL will vary.
6.7 Sites 1 and 2 backstripped to basement. Note that the basement level 286
at both sites is similar both before and after the removal of the 
overlying sediments. As the sediment loads were added at different 
times this indicates that the tectonic driving mechanism causing 
subsidence of the plateau has affected both sites equally.
6.8 Schematic section between Site 1 and 2 illustrating the effect of 288
correcting the raw estimate of the magnitude of the eustatic fall in
sea- level (ASL) for varying palaeowater depths at each site. See 
text for explanation.
6.9 Sea level curve derived from the carbonate platforms of the Marion 295
Plateau for the period from mid Oligocene to Pliocene. The curve is 
compared to the megasequences and each of the platform
development phases (M la-M le, MP2a-MP2e) and MP3a-MP3d).
6.10 Marion Plateau sea level curve compared to the eustatic curve of 296
Haq et al., (1987). Note the excellent correlation between platform
events and the third order cycles.
ENCLOSURES
1 1:1 000 000 scale bathymetry map of the Marion Plateau.
2 1:1 000 000 scale seismic track map of the Marion Plateau region.
3 Annotated composite seismic section across the northern edge of the Marion
Plateau showing megasequences and seismic packages across the northern margin 
of the Marion Plateau and into the Townsville Trough near the ODP sites. The 
line is compiled from BMR lines 75/27C and 75/28.
4 Uninterpreted seismic section, BMR line 75/27C and 75/28.
5 Annotated BMR seismic line 75/27C across the northern edge of the Marion
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Plateau showing megasequences and seismic packages across the northern margin 
of the Marion Plateau along the transect between ODP sites.
6 Uninterpreted seismic section, BMR line 75/27C
7 Annotated BMR seismic line 76/23 showing megasequences and seismic packages
across the northern margin of the Marion Plateau.
8 Annotated, compressed BMR seismic line 75/23 showing megasequences and
seismic packages across the eastern margin of the Marion Plateau south of Marion 
Reef.
9 Uninterpreted, compressed BMR seismic line 75/23.
10 BMR seismic line 75/23, conventional display.
11 Annotated, compressed BMR seismic line 75/25 showing megasequences and
seismic packages across the eastern margin of the Marion Plateau.
12 Uninterpreted, compressed BMR seismic line 75/25.
13 BMR seismic line 75/25 conventional display.
14 Annotated, compressed BMR seismic line 75/64 showing megasequences and
seismic packages across the eastern margin of the Marion Plateau to the north of 
Saumarez Reef.
15 Uninterpreted, compressed BMR seismic line 75/64.
16 BMR seismic line 75/64 conventional display.
CHAPTER 1
INTRODUCTION, PREVIOUS WORK AND SCOPE OF STUDY 
1.1 INTRODUCTION
Carbonate sediments, because of the unique way in which they form are capable of 
preserving many details of tire environment in which they were deposited. This record is 
preserved in the bio-assemblage that form the detritus for the sediment, in the chemistry 
of the sediment, their facies and in the diagenetic history of the rocks. Furthermore, the 
way in which individual facies are assembled to form a carbonate platform records the 
influence of major allocyclic controls such as horizontal and vertical tectonic motion, sea 
level fluctuations and changes in oceanography (Longman, 1981; Davies et al., 1989).
By examining carbonate platforms it is often possible to extract a record of the 
environment in which they have evolved.
The northeast Australia region is a lor^i carbonate province of which the Great Barrier 
Reef (GBR) is probably the best known platform. However, carbonate platforms are 
present throughout the region and have a history that extends back to at least the 
Eocene (Davies et ah, 1989). Each of the plateaux have extensive shallow water 
platforms which predate the development of the GBR. In a study of this region Davies et 
al., (1989) examined the allocyclic controls on the development of carbonate platforms 
in a passive margin setting. They showed that tectonism, through the processes of 
continental rifting, determined the size, shape and location of the shelf and marginal 
plateaux on which platforms developed. The nature of the bio-assemblages (cool water 
or warm water) that make up the facies of the platforms were a function of changes in 
surface water regimes induced by the combined effects of plate motion and changing 
ocean circulation patterns (Davies et al., 1989; Feary et al., 1991). As carbonate 
platforms develop during the rising and highstand phases of a sea level cycle, the 
combined effects of eustatic sea level fluctuations and subsidence has a marked effect of 
the architecture of the platform and determines whether for example, the platform 
aggrades, progrades or backsteps. As warm water carbonate platforms commonly build 
to sea level they may also preserve an accurate record of the location of relative sea
2level at the time of platform development (Kendall and Schlager, 1981; Davies and 
Montaggioni, 1985). In northeastern Australia these key allocyclic controls have 
combined to produce major large carbonate platforms with unique architecture on each 
of the plateaus and on the northeast Australian shelf.
The Marion Plateau located between 18°S and approximately 23°S in the area beyond 
the Great Barrier Reef offshore between Gladstone and Townsville (Fig. 1.1) is the most 
southerly of the marginal plateaus in northeastern Australia. The Marion Plateau is 
approximately 77,000 km2 in area and the present plateau surface forms a deeper 
extension of the Queensland continental shelf with water depths ranging from 100m 
along its south western margin to 500m along the northern and eastern margins. The 
plateau is bound along its northern margin by the Townsville Trough; by the Cato 
Trough along the eastern margin; and the central Great Barrier Reef to the south west 
(Fig 1.1). The southern part of the plateau which separates the Cato Trough from the 
Capricorn Channel is referred to as the Swains Reef High (SRH). Modem reef 
development on the Marion Plateau is confined to Marion Reef (after which the plateau 
is named) in the north and Saumarez Reef in the south. Prior to this study the Marion 
Plateau was known to be covered by a large carbonate platform, but very little was 
known about the development of the plateau and in particular the nature of the 
carbonate platform and its development.
1.2 BATHYMETRY OF THE MARION PLATEAU
During this study the bathymetry of the plateau was compiled usi^all existing 
bathymetric data and is shown at 1 : 1 000 000 scale in Enclosure 1. The outline of the 
reefs making up the Great Barrier Reef (GBR) adjacent to the Marion Plateau were 
mapped from Landsat satellite images.
Morphologically the Marion Plateau has two parts; a northern triangular section and a 
southern south easterly trending prolongation. In the northern part the plateau it is a 
deep water extension of the shelf and begins at the foot of slope of the GBR in about 
200 m of water then deepens gradually to around 500 m where a change in gradient 
defines the transition to the plateau slope. The gradient across the plateau is
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Figure 1.1. Bathymetric map of the north east Australian region showing the location 
of the Marion Plateau and the other major features in the region.
4approximately 0.14°. The northern margin of the plateau slopes into the Townsville 
Trough which is over 1000 m deep adjacent to the plateau and deepens to the east. This 
slope varies from very gentle to moderate to the east of 151°E where a submarine scarp 
has formed (Fig 1.7). The upper part of the eastern slope is steeper, with gradients 
ranging from 1.4° in the north to 2.4° in the south, and continues to the Cato Trough 
which is over 3000 m deep. The eastern slope has several canyons particularly to the 
west of Frederick Reef and north of Saumarez Reef. The lower slope is broader and 
gradients decrease as it approaches the floor of the Cato Trough.
The southern part of the plateau is separated from the shelf by the Capricorn Channel 
and forms a south easterly plunging prolongation that dips gently to about 600 m then 
has a slope that steepens until it abruptly merges with the abyssal plain of the northern 
Tasman Sea Basin. The gradients on this slope are up to 3.5°. The GBR has occupied 
the northwestern end of this feature. Both Marion Reef and Saumarez Reef are 
approximately 30 - 35 km across at their widest point and have deep lagoons (up to 
60m) with reef development largely confined to their south eastern or windward sides.
1.3 PREVIOUS WORK
The morphology of the Marion Plateau has been described by several authors, few of 
whom have attempted to examined its geological history and no-one, prior to this study, 
had attempted a detailed analysis of the plateau's evolution. Bathymetric maps of the 
Coral Sea region where first compiled in the 1960's and generally focussed on the Coral 
Sea Basin and Queensland Plateau areas to the north of the Marion Plateau. Krause's 
(1967) map of the region shows the eastern side of the Marion Plateau but does not 
name it. Gardiner's (1970) large scale bathymetric map of the Coral Sea shows the 
northern edge of Marion Plateau and names it for the first time. This map also shows the 
correct relationships between the plateaus and troughs in the region. Falvey (1972) 
outlined the general shape of the plateau and recognised that canyons where restricted 
to the eastern slope. From this he deduced that sediment drift occurred across the 
plateau from NW to SE, a concept he felt was supported by the present day water 
circulation pattern of the equatorial water mass. Taylor (1977) was the first to examine
5the geology of the plateau using seismic data collected during the BMR Continental 
Margins program of the early 1970s. Based on a seismic character tie to DSDP 209 on 
tire northern Queensland Plateau he concluded that Eocene sediments onlapped the 
eastern slope of the Marion Plateau and that the plateau had been above sea-level during 
the Eocene and Oligocene and therefore the thin (less than 0.5 secs TWT) cover 
sequence was probably an Oligocene to Recent in age. Taylor (1977) also suggested, on 
the basis of seismic character, that the cover sequence consisted of "coral reef deposits" 
and that eventually these reefs were drowned except at Marion Reef. These conclusions 
were subsequently published in Taylor and Falvey (1977). Mutter and Karner (1980) in 
their review of the Coral Sea region summarised the knowledge of the plateau / K that 
time while pointing out the apparent lack of offsets in tire eastern margin of the plateau, 
which might represent rifted or sheared patterns generated by continental breakup.
Mutter and Karner (1980) also pointed out the lack of structuring and a breakup 
sequence, and the relatively minor and delayed subsidence history of the plateau thus 
highlighting the difficulty of fitting tire Marion Plateau to the existing (pre 1980) 
structural and tectonic models for the formation of marginal plateaus. They also 
published gravity and magnetics profiles characterised by high intensity, short 
wavelength anomalies indicative of shallow basement. Symonds et al., (1987, 1988a, 
1988b) have briefly described the structural setting and tectonic evolution of the 
northeastern Australian region and have attempted to interpret the structural framework 
in terms of simple shear models for extension (see below section 1.4). In papers 
describing the carbonate platforms of north east Australia, Davies et al. (1988,1989) 
recognised four phases of carbonate platform growth (Ml - M4) on the Marion Plateau 
during the Neogene and Quaternary. In these papers the development of the carbonate 
platforms in the region where analysed in tenns of their response to major controls such 
as rifting, subsidence, palaeoceanography, horizontal plate motion and sealevel. In 1990, 
the Ocean Drilling Program occupied 16 sites in the region, 3 of which were on the 
northwestern corner of the Marion Plateau. The objectives of this work were to examine 
the evolution of major carbonate platforms in a rifted passive margin setting and the 
results of the work provide a/onje data set on the nature and history of platforms in the
6region (Davies, McKenzie, Palmer-Julson et al., 1990).
1.4 TECTONIC SETTING AND STRUCTURAL EVOLUTION OF THE MARION 
PLATEAU
The continental margin off north eastern Australia is wide and composed of a number 
of marginal plateaus and rift basins (Fig. 1.2). The entire margin is underlain by extended 
continental crust formed as a result of the fragmentation of the north eastern Tasman 
Fold Belt (Gardiner, 1970; Ewing et al., 1970; Falvey, 1972; Falvey and Taylor, 1974; 
Taylor, 1975; Mutter, 1977; Taylor and Falvey, 1977; Mutter and Kamer, 1980). 
Structurally, the Marion Plateau is separated from the continental shelf by a zone of 
narrow rift basins which extend from the Capricorn Basin in the south to the Queensland 
Trough in the north (Symonds et al., 1988b) (Fig. 1.2). These basins are now located 
beneath the Great Barrier Reef. Little is known of these basins because of the difficulties 
of collecting multichannel seismic data in the GBR region.
The age of initiation of margin forming structuring is not known, as the syn rift section 
of the basins has not been sampled. However, the timing of extension is inferred from 
tire age of formation of the small ocean basins in the region which may have commenced 
in the Early Cretaceous but was definitely underway by the Late Cretaceous. Tasman 
Basin seafloor spreading to the south began in the Late Cretaceous (80 Ma; Hayes and 
Ringis, 1973; Weissel and Hayes, 1977; Shaw, 1978) and then extended northward to 
form the Cato Trough and Coral Sea Basin by tire Paleocene (65 Ma; Weissel and 
Watts, 1979). Seafloor spreading ceased along the length of this system by the earliest 
Eocene (56 Ma). Deformation of the margin by extensional tectonism is therefore 
assumed to have been active during the Late Cretaceous and to have ceased by the time 
of the onset of sea floor spreading in the Coral Sea in the earliest Paleocene.
1.4.1 Structure of the Marion Plateau
The Marion Plateau is triangular in shape being widest in the north and tapering to the 
south such that the southern plateau corresponds to the south easterly plunging Swains 
Reef High (Fig. 1.2). The plateau summit is apparently unstructured and basement
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Figure 1.2. Map showing the tectonic elements of the north east Australia margin
(from Davies et ah, 1989)
8consists of a planated surface that dips gently to the north east (Fig. 1.3). 
of the plateau is confined to the northern edge, the north east corner and the lower slope 
of the eastern side. In the north eastern comer, Marion Reef and its pedestal appear to 
rest on a basement high.
The northern margin of the plateau trends ENE-WSW and forms the southern margin 
to the Townsville Trough. Basement along this margin often forms simple ramps that 
gradually deepen into the trough until a fault is encountered. Normal extensional faults 
along this margin are restricted to the edge of the plateau and include both down to 
basin faults with dips to the NNW and normal faults of opposite polarity which dip 
beneath the plateau (Fig. 1.3). These faults of opposing trends appear to be within 
compartments that can be mapped into the Townsville Trough (Symonds et ah, 1988a;
P. A. Symonds pers. comm. 1992) (Fig. 1.2). Each compartment is separated by NNW 
trending transfer faults or accommodation zone. The eastern margin is free of major 
structural offsets (Mutter and Kamer, 1980) and the slope is apparently simple and 
continuous. Faults along this margin are steeply dipping to vertical and downfault the 
margin of the plateau into the Cato Trough. Basement in the Cato Trough is very deep 
(at least 6 secs) and is covered by up to 3 secs of sediment (Mutter and Kamer, 1980). 
The Cato Trough is usually considered to be floored by oceanic crust because of its 
great depth (Mutter and Kamer, 1980). This interpretation is supported by the 
hyperbolic nature of the reflections from the basement to the trough. However, it is 
possible that the floor of the Cato Trough is highly extended, very thin, continental crust 
with a veneer of volcanics. The Kenn Plateau, which forms the eastern flank of the Cato 
Trough, has by comparison, a highly structured basement with many horsts and graben.
The southern part of the plateau is formed by a south easterly plunging, gently arched 
basement high (Swains Reef High). The top of the arch is unstructured and faults are 
confined to the flanks of the arch and appear to be high angle down to basin normal 
faults on conventional seismic data.
The Capricorn Basin has complex structure characterised by rapid lateral changes in 
dip of faults that are predominantly high angled. Depocenters are narrow and discrete. 
These features suggest a large strike slip component to the basin forming structures.
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The structural style of the western side of the plateau is poorly defined due to the lack 
of data because of the presences of the Great Bernier Reef. However, some data have 
been collected in passages between the reefs and show half grabens beneath the outer
- t y e -
shelf. Although this data is sparse it would appear that'plateau is separate from the
A
continental shelf by a series of narrow rift basins which extend from the Capricorn Basin 
to the Queensland Trough (Symonds et ah, 1988a).
In summary, the Marion Plateau is a largely unstructured basement block with a broad 
planated summit that dips gently to the northeast. Structures are confined to the margins 
of the plateau.
Subsidence
Tectonic subsidence, because it is driven by the degree of crustal thinning that has 
occurred, is an indicator of the amount of extension a section of crust has undergone. 
The degree of crustal thinning in turn affects the thermal cooling regime, which in turn, 
controls the overall tectonic subsidence history (McKenzie, 1978). The Marion Plateau 
has undergone minor tectonic subsidence. If the plateau formed in the Late Cretaceous 
to Paleocene as is suggested by the spreading history of the adjacent ocean basins, then 
it remained above sea level until the earliest Miocene. Since being flooded the plateau 
summit has subsided by 1 km. Assuming Airy type crust approximately 50% of this 
subsidence is due to sediment loading (assuming limestone cover with an average 
density of 2.27 g/cm3) so that tectonic subsidence is only approximately 500 m. 
Assuming uniform subsidence since the Early Miocene then the average tectonic 
subsidence rate for the plateau is approximately 20 m/my. This, relatively slow rate of 
subsidence, implies that very little crustal extension occurred during the formation of the 
plateau.
The slow subsidence rate and lack of upper crustal structuring implies that the plateau 
has formed by minor extension in the lower crustal and upper mantle.
1.4.2 Tectonic evolution of the Marion Plateau
The earliest models of the tectonic evolution of the Northeast Australia region
11
discussed it in terms of the prebreakup and postbreakup rift stages of Falvey (1972,
1974) (Falvey and Taylor, 1974; Taylor and Falvey, 1977; Mutter, 1977; Mutter and 
Kamer 1980). In these discussions the Marion Plateau was generally ignored because of 
a lack of data, but Mutter and Karner, (1980) pointed out that "summit and upper slope 
of the plateau was free of prebreakup and rift phase sediment" and thereby did not 
conform to the regime proposed by Falvey (1974) for the breakup of continents. They 
also noted the delayed subsidence of the plateau which did not fit with simple models of 
margin formation and subsidence as a consequence of thermal cooling as the margin 
moved away from a spreading centre.
With the development of detachment models for rifting and continental extension 
(Wernicke, 1981, 1983, 1985) the importance of low angle normal faults and the 
fundamental asymmetry of extensional orogens was recognised. Lister et al. (1986,
1991) applied the detachment models to passive margin development and introduced the 
concept of upper and lower plate margins.
Upper plate margins are characteristically relatively unstructured and are the uplifted 
hanging wall of the detachment fault whereas the lower plate forms the footwall to the 
detachment and is commonly overlain by highly extended remnants of the upper plate. 
With extension, the lower plate is pulled out from beneath the upper plate leading to 
considerable crustal thinning and therefore subsidence. Upper plate margins typically 
have faults with a large vertical component that step continental basement steeply down 
towards oceanic basin. Upper plate margins are commonly associated with passive 
margin mountains. Within the models suggested by Lister et al., (1991) marginal 
plateaus occur on upper plate margins. They are typically relatively unstructured and 
their subsidence is caused by ductile stretching of the middle and lower crust and mantle 
which is separated by a detachment fault from a large, undisrupted segment of upper 
plate (Lister et al., 1991). Lister et al., (1991) also predict that marginal plateaus formed 
on an upper plate will undergo uplift during extension and therefore will not be flooded 
until sometime into the subsequent thermal sag phase. That is, marginal plateaus will 
have a delayed subsidence history.
Although the timing of the extension and many of the structural trends in the region
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are poorly known the structure and tectonic history of the Marion Plateau can be 
explained in terms of a detachment model in which the entire margin in north east 
Australia is part of a complex upper plate margin (Symonds et al., 1988a) (Fig. 1.4).
The Marion Plateau with its relatively unstructured form, steep down to ocean basin 
faults along its eastern margin, initial uplift followed by limited and delayed subsidence 
(implying limited extension) are all features characteristic of a marginal plateau formed 
on an upper plate by midcrustal detachment and lower crust and mantle ductile 
extension. In terms of the current ideas for marginal plateau development, this model 
appears to best explain the structural style and subsidence history of the Marion Plateau.
1.5 SCOPE OF STUDY
This study was undertaken in the context of understanding the development of the 
north eastern Australian region, in particular the development of the carbonate 
platforms. The Marion Plateau, as the most southerly, and structurally, the most simple 
of the structural elements on which carbonate platforms in northeast Australia have 
evolved, is an excellent study area in which to examine and test the influence that the 
major allocyclic controls have on platform development as hypothesised by Davies et al., 
(1989). As the most southerly of the plateaus in the north eastern Australian region it 
should also be the most sensitive to changes induced by the combined effects of the 
Cainozoic northward motion of Australia and variations in surface water temperature 
induced by changes in physical oceanography. The sedimentary cover sequence should 
therefore contain a record of the transition from cool water to warm water facies as a 
consequence of these effects.
The late Cainozoic is thought to be a period of rapid and large glacioeustatic 
fluctuations in sea level (Haq et al., 1987) and relative sea level fluctuations are a major 
control on the development of carbonate platforms. Therefore because of its simple 
structure and relatively slow tectonic subsidence, the Marion Plateau cover sequence 
should contain a record of relative sea level fluctuations which has a strong eustatic 
signal.
Furthermore, platform development on the Marion Plateau was known to be extensive
13
Coral Sea 
+ Basin
AUSTRALIA
oceanic crust
marginal plateau 
thinned lower crust
rift basin depocentres
4 0  0 km
detachment
Figure 1.4. Schematic diagram showing the possible structure of the Marion Plateau in 
a detachment model. The Marion Plateau is shown as part of an upper plate margin. 
(Figure based on unpublished diagrams provided by P.A. Symonds). EP = Eastern 
Plateau, QP = Queensland Plateau, TT = Townsville Trough, MP = Marion Plateau
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in the past and all but the youngest phases of platform development have been drowned.
To understand the record of carbonate platform development on the plateau it is also 
essential to establish the mechanism which terminated each phase of platform 
development.
The objectives of the study were:
1. to determine the architecture of the carbonate platform on the Marion 
Plateau;
2. to determine the cause or causes of the demise of each phase of the 
platform development;
3. to determine the non biological characteristics of the platforms that 
formed as a consequence of the transition from a cool surface water in the 
Oligocene to a warm surface water regime in tire Miocene;
4. to determine the late Cainozoic sea level record preserved in the Marion 
Plateau platform.
To achieve these objectives the it was necessary to establish:
1) the number of phases of platform accretion
2) distribution of each phase platform growth
3) age of each phase platform growth
4) tire relationship between each phase of platform accretion
5) bio assemblages and facies of each of the platforms
6) the diagenetic history of the platform
Each of these characteristics of the platforms on the Marion Plateau was determined 
by:
1) a sampling program to obtain samples for facies analysis, age 
determination and diagenetic studies and;
2) by seismic mapping using sequence stratigraphic techniques to determine 
the number, distribution and relationship of each phase of platform accretion.
3) Data analysis and synthesis
15
1.6 DATA BASE
The data base for this study consists of over 10, 000 km of seismic data (Table 1) and 
samples obtained from the plateau by either dredging or drilling.
1.6.1 Seismic Data (Table 1)
The seismic data which covers the Marion Plateau is shown on a track map in 
Enclosure 2, and as summary diagrams in Figures 1.5 and 1.6. The Marion Plateau has 
had seismic data collected over it in two phase of investigation. The first during the early 
1970's consisted of several widely spaced reconnaissance surveys by both industry and 
the Bureau of Mineral Resources, Geology and Geophysics (BMR). This data tends to 
be of poor to moderate quality and is useful only in defining the gross characteristics of 
the platforms and the location of the basement surface. Tire second phase of seismic data 
collection, undertaken by the BMR, took place during 1985 and 1987. The 1985 data 
set only covers part of the northern edge of the plateau because it was focussed on the 
Townsville Trough. The 1987 data sets consist of over 2000 km of medium resolution 
data collected using an 80 cubic inch water gun source (Survey 75 ) which covers all but 
tire Swains Reef High of the southern plateau. A limited dual airgun array sourced data 
set (Survey 76) was collected over the northern and north eastern part of the plateau 
during a program to investigate the deep structure of the adjacent Townsville Trough. 
The Survey 75 data set covers most of the plateau and is the prime data set for 
interpreting the seismic sequences and facies of the carbonate platforms.
1.6.2 Sampling
Samples were recovered from the Marion Plateau by dredging in 1987, and by the 
Ocean Drilling Program (ODP) in 1990 (Davies, McKenzie and Palmer-Julson et al., 
1991). The dredging program was designed to test Taylor's (1977) suggestion that the
fcover sequence on the Marion Plateau consisted/a large carbonate platform. Dredging 
was undertaken by BMR in two areas; along the northern slope of the plateau to the east 
of Marion Reef (Figs. 1.6 & 1.7), and in the southern part of the plateau adjacent to the 
Great Barrier Reef (Figs. 1.6 & 1.8). This dredging recovered limestone samples. The 
history and results of each dredge haul are summarised in Appendix 1.1.
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, 5 0 - 0 0 '  1 5 1 *00 '  1 5 2 * 0 0 '  1 5 3 * 0 0 '  1 5 1*00 '  15 5 ’ 00'
2 0 * 0 0 '
21 * 0 0 '
2 2*OO'
2 3 * 0 0 '
1 55* OO'1 5 2* 00'1 5 0 * 0 0 '
Figure 1.5. Track map of Marion Plateau region showing the pre 1987 seismic data. 
See Enclosure 2 for a 1: 1 million track map of the seismic data in the Marion Plateau 
region. MR = Marion Reef, SR = Saumarez Reef, GBR = Great Barrier Reef
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Figure 1.6. Track map of the Marion Plateau region show the 1987 BMR seismic 
data. The dashed lines are from BMR Survey 75 (watergun source) and the solid lines 
show the BMR Survey 76 (airgun array source).
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Approximately 50 kg of rocks were recovered from the northern slope of the plateau 
and a single large slab from the southern site.
SURVEY YEAR SOURCE FOLD
LINE
KM
GROUP
INTERVAL
m
QUALITY
UNITED 1970 airgun 12 940 70 poor
array
BMR CMP 1971 sparker 1 2480 50 poor-mod
13 & 14
GULFREX 1973 aquapulse 24 1680 67 poor -mod
SHELL 1974 airgun 24 1655 50 mod
BMR 1985 2 x 8.2L 24 425 50 mod
SURVEY airguns
50
BMR 1987 80 in3 24 2000 12.5 good
SURVEY watergun
75
BMR 1987 duel airgun 24 1210 25 good
SURVEY array
76
TOTAL SEISMIC DATA = 10390 km
TABLE 1.1. Summary of the characteristics of the seismic data from the Marion 
Plateau region.
The second phase of sampling occurred in August - October 1990, when ODP Leg 
133 drilled 16 sites in the region, three of which (Sites 815, 816 and 826), are located in 
the northwestern corner of the Marion Plateau (Fig. 1.6). These sites lie on a N-S 
transect across the northern edge of the plateau. Recovery at these drill sites varied and 
ranged from 100% in hemipelagic sediments and rocks, to as little as 5% (up to 30%) in 
shallow water limestone and dolostone.
In the following chapters the data sets from the plateau are documented and then 
analysed and synthesised. In Chapter 2 the results of the interpretation of the seismic 
data are presented in terms of the sequence stratigraphy of the plateau. The samples 
recovered from the plateau are described and analysed in Chapter 3 followed by an
19
2 3 /O Q /2 6 4
Figure 1.7. Part of BMR multichannel seismic line 75/016 showing the dredge site on 
the northern margin of the Marion Plateau.
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Figure 1.8. Part of BMR seismic line 75/64 from the southern Marion Plateau showing 
the scarp that was dredged.
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analysis of the diagenesis and cement stratigraphy of these rocks (Chapter 4). In 
Chapter 5 the data are synthesised in an analysis of the development of the 
carbonate platforms. Finally in Chapter 6 the event stratigraphy and sea level 
signature recorded in these platforms is analysed.
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APPENDIX 1.1: DREDGE SAMPLES
Summary of the results of dredging attempts on the Marion Plateau by R. V. Rig 
Seismic during 1987.
A. Target: northern margin of the plateau west of Marion Reef (Fig. 1.7).
D R E D G E LA T -
L O N G
T A R G E T
D E P T H
R E C O V E R Y C O M M E N T S
75DR02 19° 03.5 
151° 11.5
400-600
m
poor few rock fragments in pipe 
dredge flew dredge with 
687m of wire out, hit at 
500 m
75DR03 19° 03.5 
151° 11.5
400-600
m
very
good
flew at site with 700 m of 
wire out hung up with 
627m out
76DR02 19°0.58 
151°11.6
600 m poor 788 m of wire in 470 m of 
water
76DR03 19° 04 
151° 11.5
400 m poor 6 small chips in pipe 
dredge, dredge turned 
over
76DR04 19° 04 
151° 11.5
400 m poor 3 small chips, 1 larger 
piece, bag damaged
76DR05 19° 04 
151°11.5
400 m poor 3 small chips in pipe 
dredge
B. Target: southern Marion Plateau, north of Saumarez Reef (Fig. 1.8).
DREDGE LAT-
LONG
TARGET
DEPTH
RECOVERY COMMENTS
76DR06 20° 56.7 
152° 0.4
320 m - mud in pipe dredge
76DR07 20°56
152°38.7
310 m good several large pieces of 
rudstone - very porous
76DR08 20° 53.7 
152° 4.5
-400 m poor 3 small rocks - 490 m of 
wire out current strong
76DR09 20°54 
152° 55
400 m good 1 large slab (80 cm x 70 cm 
x 10 cm) of rhodolith 
bearing orange brown 
floatstone
CHAPTER 2
SEISMIC STRATIGRAPHY OF THE MARION PLATEAU
2.1 INTRODUCTION
The cover sequence of the Marion Plateau is approximately 1000 m thick and thickens 
into the troughs to the north and east. The stratigraphy of the Marion Plateau has been 
mapped using the seismic stratigraphic techniques first outlined in AAPG Memoir 26 
(Payton, 1977), and since elaborated on in AAPG Memoir 39 (Berg and Woolverton, 
1985). In particular, the concept of a megasequence (which is bounded above and below 
by regional unconformities and may consist of several sequences: Hubbard et al.,
(1985a)) has been used to identify four megasequences (A, B, C, D,). These correspond 
to the major phases of sedimentation on the plateau, and conveniently divide the 
stratigraphy into its principal genetic depositional systems.
In this chapter I describe first the nature of the basement surface and then the seismic 
character of each of the megasequences.
2.1.1 Basement
The basement surface of the northern part of the Marion Plateau is planated to a 
relatively smooth surface that dips gently to the northeast (Fig. 1.3). To the south the 
plateau is formed by a broad arch (Swains Reef High -SRH), that plunges to the 
southeast and separates the Capricorn Basin to the west from the Cato Trough to the 
east (Fig. 1.3). The northeastern corner of the plateau consist of a basement high which 
forms the pedestal for Marion Reef.
The northern edge of the plateau is oriented ENE, and is characterised by a series of 
basement ramps that dip gently into the Townsville Trough where the basement is cut by 
normal faults and half grabens. This slope is compartmentalised by transfer faults 
oriented NNW, each compartment containing faults with opposing dips (Symonds et ah, 
1987; Davies et ah, 1989).
The eastern slope is oriented in a SSE direction and is characterised by a lack of 
normal faults and half grabens. The basement surface dips into the Cato Trough and 
becomes progressively steeper away from the plateau. The few faults that do occur along
24
the eastern margin are not indicative of extension but rather resemble a strike slip 
system. In detail, the basement surface of the eastern margin consists of a series of flat 
segments joined by low angle ramps (approximately 0.5 degrees). This can be best seen 
on basement surface on BMR line 75/25 (Enclosures 11-13).
2.2 SEQUENCE STRATIGRAPHY
The stratigraphy of the Marion Plateau is described here in terms of four 
megasequences: A to D (for convenience, these are referred to as MSA, MSB, MSC and 
MSD). The character of each of the megasequences is summarised in Table 2.1 and 
illustrated in Figures 2.6-2.9 and Enclosures 3 to 16. The seismic lines used to illustrate 
the megasequences are presented as interpreted compressed seismic sections, 
uninterpreted compressed seismic sections and uninterpreted conventional seismic 
sections. The location of the seismic lines used in Figures 2.6-2.9 and Enclosures 3 to 16 
are shown in Figure 2.6, and the distribution and thickness of each of the megasequences 
are shown in Figures 2.1-2.4 .
The megasequences were defined on the eastern plateau where the major carbonate 
platform phases are well developed. The megasequences were then mapped around onto 
the northern margin of the Marion Plateau where the relationships are not as obvious and 
it is not always possible to distinguish MSB and MSC. Each megasequences usually 
consist of several sequences, but it is frequently not possible to map the distribution of 
these individual sequences over the plateau because of the variation in the quality of the 
data set and the lack of good quality tie lines. The only horizon that can be carried from 
the northern to the eastern edge of the plateau is the top of MSB. Therefore correlation 
across the plateau is done on the basis of character and the relationship of each seismic 
package to MSB. Where possible, sequences with similar seismic character and/or facies 
have been mapped (here they are referred to as seismic packages) and their distribution 
within each megasequence has been used as the basis for the interpretative 
palaeogeographic maps (Chapter 5). The characteristics of the seismic packages are
summarised in Tables 2-5.
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Table 2.1 Summary of the seismic characteristics of the megasequences from tire Marion 
Plateau.
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Table 2.2. Summary of characteristics of the seismic packages in Megaseqence A
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2.2.1 MEGASEQUENCE A (Tables 2.1 and 2.2, Figs. 2.6-2.8 and Enclosures 7 - 16)
2.2.1.1 Distribution and thickness
Megasequence A is confined to the eastern and northern slopes of the plateau. Its 
upper part oversteps part of the basement surface but is absent in the western half of the 
northern plateau and on the Swains Reef High (Fig. 2.1). MSA thickens to the east and 
north away from the plateau. The maximum thickness of MSA on the eastern slope of 
the plateau is approximately 1 second TWT (probably more than 1500 m). This 
thickness is found in the middle of the slope. Within the Townsville Trough MSA 
exceeds 2 seconds TWT in thickness.
2.2.1.2 Age
There is no direct control on the age of MSA, because it has not been sampled and it is 
not possible to carry seismic ties from wells in the Capricorn Basin to the Marion 
Plateau. However, on the basis of its stratigraphic position beneath MSB (which is dated 
as late Early to Middle Miocene - see Chapter 3), and on an understanding of the 
tectonic development of the region, MSA is considered to be largely Palaeogene in age, 
although its base may extend back into the latest Cretaceous and its top is probably 
earliest Miocene in age.
2.2.1.3 Seismic Characteristics
Reflection terminations
The base of the MSA onlaps basement and its top is generally concordant (Enclosures 
7, 8 and 11).
External form
MSA is wedge shaped in form.
Reflection configuration
MSA is generally characterised by parallel to divergent reflectors of moderate 
amplitude and frequency that onlap basement. MSA has been subdivided into 5 seismic 
packages (Table 2.2; Figures 2.6-2.8 and Enclosures 7, 8 and 11).
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MEGASEQUENCE A 
contour interval 100 msec
100 km
100—
0 -  — ■
o'
1 5 0 * 0 0 ' 1 51 * oo' 1 5 2 * 0 0 ' 1 5 3 * 0 0 '
1 9 * 0 0 '
20* OO'
21 * 0 0 '
22 * 0 0 '
2 3 * 0 0 '
Figure 2.1. Isopach map of Megasequence A
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MEGASEQUENCE B 
contour interval 100 msec
+ 300;
absent or 
below seismic 
resolution
i* *■«
not mappable
1 5 3 * 0 0 '152* 0 0 '1 51 * 0 0 '1 5 0 * 0 0 '
19* 0 0 '
20 * 0 0 '
21 * 0 0 '
22 * 0 0 '
23 * 0 0 '
Figure 2.2. Isopach map of Megasequence B
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MEGASEQUENCE C 
contour interval 100 msec
thickens into Townsville Trough
100 km
M  +
1 5 3 * 0 0 '1 5 2 * 0 0 '1 5 1 * 0 0 '1 5 0 * 0 0 '
1 9 * 0 0 '
2 0 * 0 0 '
2 1 * 0 0
2 2 * 0 0
2 3 * 0 0
Figure 2.3. Isopach map of Megasequence C
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MEGASEQUENCE D 
contour interval 100 msec
1 0 0  km
+ ____+ absent or 
below seismic 
resolution
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Figure 2.4. Isopach map of Megasequence D
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2.2.2 MEGASEQUENCE B (Tables 2.1 and 2.3, and Fig. 2.9 and Enclosures 4 - 16).
2.2.2.1 Distribution and thickness
MSB is distributed across the plateau (Fig 2.2) and around the edges of the basement 
high that forms part of the pedestal of Marion Reef. The thickness of MSB varies. It is 
thickest along the northern edge of the plateau (up to 700 msecs TWT - about 1000 m 
based on a velocity of 3000 m/sec which is the average value for these rocks at Site 816 
(Shipboard Scientific Party, 1991a)) and thins into the Townsville Trough. On the 
eastern slope of the plateau and on the Swains Reef High MSB is below seismic 
resolution and thus may be very thin or absent.
2.2.2.2 Age: Early - ?Late Miocene
Dredge and drill samples from MSB obtained from the northern edge of tire plateau 
give late Early Miocene (Zones N.7- N.8) to Middle Miocene (Zone N.12) ages 
(Chapter 3; Shipboard Scientific Party, 1991). However neither the base of MSB nor its 
youngest part were sampled, and so these ages probably do not represent its entire age 
span. The youngest sediments in MSB are probably latest Middle Miocene (Zone N.14) 
in age for reasons that outlined in Chapter 3.
2.2.2.3 Seismic Characteristics 
Reflection terminations
Reflection terminations of MSB vary across the plateau. Its base is unconformable on 
basement in the northwest, downlapping in the central plateau and conformable along the 
eastern slope. A similar pattem occurs along the northern margin as the sequence passes 
into the Townsville Trough. The top of MSB is erosional over most of the plateau, and 
becomes conformable on the outer plateau and its eastern slope, and into the Townsville 
Trough.
External form:
The western part of MSB forms a sheet up to 500 millisec thick (up to 1000 m), 
thickening to the north (Figs. 2.4 and Enclosure 11). This sheet passes eastward into a 
wedge which thins to below seismic resolution on the upper slope of the eastern margin 
of the plateau.
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Table 2.3. Summary o f the characteristics o f the seismic packages in Megasequence B
34
13758
M a c k a y
1 3 /4 0
2 3 / 0 0 / 2 1 9
Figure 2.5. Locality map showing the positions of the seismic lines in Figures 2.6 -2.9 
and Enclosures 3-16.
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Reflection configuration varies considerably within MSB. There are six main seismic 
packages (Table 2.3). Their reflection characteristics are discussed in the interpretation 
of the depositional environments in Chapter 5.
2.2.3 MEGASEQUENCE C (Tables 2.1 and 2.4, and Enclosures 3, 5, 8 & 14).
2.2.3.1 Distribution and thickness
MSC is confined to the eastern and northern parts of the plateau (Fig. 2.5). It varies 
considerably in thickness being thickest on the northern edge of the Swains Reef High, 
to the north of Saumarez Reef. The maximum thickness of MSC is probably about 
600m.
2.2.3.2 Age: Late Miocene
The age of MSC is poorly known, but drilling results from the northern edge of the 
plateau, dredge samples from tire southeastern part and an interpretation the its 
development suggests that it is of Late Miocene age (probably Zone N.15 to Zone 
N.17).
2.2.3.3 Seismic Characteristics
Reflection terminations
Reflection terminations vary within the MSC. Its top is characterised by erosional 
truncation, although it becomes conformable on the outer plateau and upper slope 
(Enclosure 14). The base of MSC varies from onlapping to downlapping, and is 
conformable on the outer plateau and slope.
External form
On the scale of the plateau, MSC forms a sheet, of variable thickness.
Reflection configuration
Reflection configuration varies across the plateau. There are five main seismic packages 
and their characteristics are summarised in (Table 2.4). The interpretation of the seismic 
packages are discussed in Chapter 5.23.
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Figure 2.6. Seismic data from the southern part of the plateau illustrating seismic 
package A2 that have been interpreted as a volcanic mounds. A. Shell line 1139 showing 
a small mound on basement. B Shell seismic line 1140 showing a complex mound 
resting on basement.
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2.2.4 MEGASEQUENCE D (Tables 2.1 and 2.5, Enclosures 3 - 16).
2.2.4.1 Distribution and thickness
MSD covers most of the plateau (Fig. 2.4). It appeal's to be very thin (and locally 
absent) along the northern edge of the plateau and on parts of the southern plateau.
MSD varies considerably in thickness (Fig. 2.4), being thickest along the northern and 
eastern edge of the plateau. As MSD also includes Marion and Saumarez Reefs and part 
of their pedestals it is probably quite thick (several hundred meters) at these locations.
The maximum thickness of MSD is about 300 m.
2.2.4.2 Age: Pliocene to Quaternary
This age for MSD is based on the ages obtained in ODP Sites 815, 816 and 826 
(Shipboard Scientific Party, 1991).
2.2.4.3 Seismic Characteristics 
Reflection terminations
Reflection terminations for MSD vary across the plateau. Generally it onlaps the 
underlying sequence but locally it downlaps (Fig. 2.8 and Enclosures 3, 5, 14).
External form
MSD is essentially an irregular sheet but locally forms broad trough fill (Enclosure 14). 
Reflection configuration
As with the other megasequences the reflection configuration of MSD varies 
considerably. There are six major seismic packages within MSD, the characteristics of 
which are summarised in Table 2.5.
2. 3 CONCLUSIONS
The Marion Plateau cover sequence consists of four megasequences which range in age 
from ?Late Cretaceous to Recent. The megasequences correspond to the major 
depositional episodes on the plateau and all but the lower part of MSA are part of a 
?Late Oligocene to Recent carbonate platform. In this study the nature and age of the 
main phases of carbonate platform development have been determined. A new 
nomenclature has been introduced for these platforms because they differ from those in 
the publications of Davies et al., (1989) and Pigram et al., (1992). The relationship of
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LINE 13 /40
Figure 2.7. Seismic data showing two examples of progradation (Seismic Package A3) 
in Megasequence A that are interpreted as siliciclastic nearshore deltas. A. BMR seismic 
line 13/40 from the southernmost plateau showing oblique progradation beneath the 
midslope of the plateau. B. BMR seismic line 76/09 showing oblique progradation 
beneath the midslope of the plateau.
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this nomenclature of the platforms to the megasequences and the former nomenclature of 
Davies et ah, (1989) and Pigram et al., (1992) is shown in Table 2.6.
MEGA PLATFORM NOMENCLATURE AGE
SEQUENCE OLD NEW
upper MSA not recognised MP1 ?Late Oligocene 
- Early Miocene
MSB M l MP2 late Early Miocene 
to Middle Miocene
MSC M2 MP3 Late Miocene
MSD M3, M4 MP4 Pliocene to Recent
Table 2.6 Comparison of the megasequence and carbonate platform nomenclature for 
the Marion Plateau. The old nomenclature refers to that used by Davies et al., (1989) 
and Pigram et al., (1991). The new nomenclature is used in this study.
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Figure 2.8. Part of BMR seismic section 75/24 from the eastern Marion Plateau slope to 
the south of Marion reef showing an infilled canyon that was formed near the top of 
Megasequence A time possibly in the mid Oligocene.
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Figure 2.9. Western end of BMR line 75/13 adjacent to the Great Barrier Reef showing 
the character of seismic packages B1 and Dl.
CHAPTER 3
ROCK TYPES, FACIES AND AGE
3.1 INTRODUCTION
Samples were recovered from the Marion plateau by dredging in 1987, and by the Ocean 
Drilling Program (ODP) in 1990 (Davies, McKenzie and Palmer-Julson et al., 1991). The 
dredging program was designed to test for the presences of a major carbonate platform on 
the plateau. Dredging was undertaken in two areas; along the northern slope of the plateau 
to the east of Marion Reef where MSB is exposed (Fig. 1.7); and in the southern part of the 
plateau adjacent to the Great Barrier Reef where MSC is exposed (Fig. 1.8). Dredging 
recovered Neogene limestone's that are described in this and the following chapter. The 
history and results of each dredge haul are summarised in Appendix 1.1. These samples 
showed that the cover sequence on the Marion Plateau consisted mainly of carbonate 
sediments, provide information on the age of the main platform building phases, their rock 
types, facies and diagenetic history.
Having established by dredging that the cover sequence was a complex carbonate platform 
the ODP sampling program was designed to define the nature and age of the upper part of 
MP2, the cause and timing of it's demise, and the nature and age of the sequence overlying 
the platform. The three sites (815, 816 and 826) drilled on the northwestern corner of the 
Marion Plateau (Fig. 1.6) lie on a N-S transect across the northern edge of the platform 
(Fig. 3.1). The most northerly site, 815, is located basinward of the MP2 platfonn facies, 
and drilled through pelagic and hemipelagic sequences into shallow water carbonate 
sediments. Site 816 is sited near the northern edge of the platfonn. Three holes were drilled 
at this site and they sampled the hemipelagic cover sequence and the underlying shallow 
water platform facies. Site 826, located approximately 2.8 km south of Site 816, washed 
down through the hemipelagic section and then sampled the underlying shallow water 
carbonate platfonn section to a depth of 250 meters below seafloor (mbsf).
In the following section the lithology, age and facies association of the samples are 
described. The diagenetic history of the shallow water sediments recovered from the
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Figure 3.1. BMR seismic section 75/027 Part C across the northwestern edge of the 
Marion Plateau. This line shows the relationship between the three ODP holes that were 
drilled on this part of the plateau. The northern most site, 815, was located in front of the 
Early-Middle Miocene platform and mainly sampled the post-platform cover sequence 
whereas Site 816 was located on top of the platform at the southern side of the small 
mound and 826 further south. Both 816 and 826 sampled the top of the platform.
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platforms, based on analysis of all the samples follows in Chapter 4.
3.2 LITHOFACIES AND AGE
3.2.1 DREDGE SAMPLES FROM THE NORTHERN MARION PLATEAU
A mixture of shallow and deep water carbonate rocks were dredged from the northern 
edge of the plateau in 500-600 m of water. Samples recovered include Early to Middle 
Miocene floatstone and rudstone, Late Miocene to Pliocene wackestone, Pliocene to 
Quaternary wackestone, and Quaternary wackestone.
3.2.1.1 Early-Middle Miocene floatstone and rudstone
Lithology
The Early-Middle Miocene dolomitized floatstone consist of bioclasts (including 
rhodoliths) in a matrix of peloidal micrite (Fig. 3.2). In some samples the sediment is clast- 
supported and is therefore a rudstone. The major bioclasts consist of larger foraminifers^ 
coralline algae (nodules and rhodoliths), articulate red algae (including lArthrocardia), 
Halimeda and minor planktic foraminifer (.The Halimeda is preserved as a neomorphosed 
thalli that preserves the utricles and surrounded by a micrite envelope. The minor bioclasts 
include echinoderm^ gastropod* bryozoa^cora^bivalvejand brachiopod fragments. The 
sediment now consist mainly of low magnesian calcite (LMC) bioclasts and micrite with 
dolomitized cements. Spar cements are common. Rarely, some aragonitic cements are 
preserved. However no high magnesian calcite (HMC) is preserved. The diagenesis of these 
sediments is described in Chapter 3.
The rhodoliths are up to 5 cm across, spheroidal to ellipsoidal (Fig. 3.2C) with laminar 
thalli and tend to be polyspecific. The coralline algae making up the rhodoliths include 
Archeolithothamnium, Lithoporella, Mesophyllum, Lithothamnium and Porolithon. The 
most common non-algal encrusters of the coralline algae are bryozoan, whereas the
encrusting foraminifer, Ladoronia, is rare.
S'The assemblage of larger foraminifer includes some or all of the following: Amphistegina 
radiata, Biarritzina carpenteriaeformis, Crespinina kingcoatensis, (Cycloclypeus) 
Carpentaria Cycloclypeus (Cy.) eidae, Cycloclypeus (Katacycloclypeus) annulatus,
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Lepidocyclina (Nephrolepidina) howchini, Discogypsina Omphala, Operculinella venosa, 
Operculina complanata, Borelis pygmaeus, Carpenteria balaniformis, Sphaerogypsina 
globula, Planorbulinella larvata, Rotalia sp., indeterminate miliolines, rotalines and 
textularines. The planktic foraminifer assemblage consists of the following: Globigerinoides 
quadrilobatus group, Globoquadrina dehiscens dehiscens, Praeorbulina glomerosa, 
Orbulina universa, Sphaeroidinellopsis seminulina, Praeorbulina glomerosa (G. C. H. 
Chaproniere, pers. comm., April 1991).
The porosity that remained after the formation of the calcitic spar cements was filled by a 
range of wackestones. In some samples the residual porosity was filled by an orange brown 
?phosphatic mud that contains rare planktic forams. Another sample (75DR03/5) contains a 
cavity over 5 cm across that is filled with Late Miocene to Early Pliocene planktic 
wackestone (Fig. 3.3). This cavity and the exposed surface of the sediment is locally coated 
with a manganese crust and demonstrates the existences of an unconformity extending from 
the early Middle Miocene (the top of Zone 7N.10) to late Late Miocene (the base of Zone 
N.17) a period of approximately 7 my (Fig. 3.2).
Commonly, the floatstones have been bored. Several generations of boring were observed 
and at least three have cross-cutting relationships (Fig. 3.4). The post-Middle Miocene 
cavities created by boring organisms, fractures and dissolution are filled by wackestone of 
six different ages: Late Miocene (Zones N.17A, N.17B), Early Pliocene (Zones N.18,
N. 19/20), Late Pliocene (Zone N. 19/20 to N.21) and an indeterminate but post N. 19/20- 
N.21 phase. There are other cavities that are unfilled, mainly Cliona galleries confined to 
one side of the samples. Some of the unfilled cavities, however, appear to have been either 
enlarged by dissolution or to be due solely to the effects of dissolution (Fig. 3.4A). Some of 
the older borings are lined with apatite crusts (Fig. 3.4) whereas the younger ones are not. 
The age relationship between those cavities with and without crusts indicates that 
phosphatisation occurred during the ?middle and Late Pliocene. Other borings and the outer 
surface of a few of the samples are coated with manganese crusts.
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Figure 3.2. Middle Miocene (N.8 or N.8-N.9) sediments dredged from the MP2 platform 
along the northern edge of the Marion Plateau. Examples A, B and C illustrated below 
have been etched during staining with Feigl's solution and Alizarin Red S. These sediments 
have a complex mineralogy. They are partially dolomitized but aragonite survives both as 
bioclasts and as cement. Most of the calcitic bioclasts are unreplaced but all calcitic
cements and neomorphic calcite have been mimically replaced by dolomite (see Chapter
$  ^s4). A. Floatstone. Main bioclasts are Halimeda, larger benthic foraminifei/, bryozoa and 
coralline algae. The matrix, foraminifeifand bryozoarjare calcite. The spar filling the 
Halimeda envelopes and lining cavities is now dolomite having selectively replaced 
calcitic cements. Field of view 2 cm, plane light, (75DR03/I/6, thin section 10). B. 
Floatstone. Main bioclasts are larger benthic foraminifei;, bryozoa^, coralline algae and 
Halimeda. Aragonitic bioclasts are stained black (lower right). Porosity left after the 
deposition of the pore lining cements has been filled with micrite. Field of view 2 cm, 
plane light (75DR03/I/6 thin section 10). C. Floatstone. Main bioclasts are rhodoliths, 
larger fo rami n if errand fragments of articulated coralline algae. Field of view 3 cm, crossed 
polars (75DR03/5-B2-2). D. Rudstone. Main bioclasts are larger benthic foraminifei^ 
Halimeda and coralline algae. Minor bioclasts include bryozoa, gastropods and echinoid 
fragments. Field of view 3cm, crossed polars, (75DR03/I/6 thin section 3).
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3.2A
3.2B
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wackestone rudstone
Figure 3.3. Middle Miocene (N.8-N.9) rudstone with a large vug (10 cm across) filled 
with Late Miocene (N.17) planktic foraminifer wackestone. The calcitic pore lining 
cements of the rudstone were selectively dolomitized before the wackestone filled the 
cavity. Field of view 2 cm, plane light (75DR/03/5-B2-1).
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Figure 3.4. Examples of the cavities that have been excavated in the Early to Middle 
Miocene limestones of the Northern Marion Plateau by multiple generations of boring 
organisms. A. Three generations of cavities in an Early to Middle Miocene floatstone. The 
oldest cavity has been filled with a Late Miocene or younger planktic wackestone; the next 
phase is often lined with manganese crust and filled with mud of Early Pliocene (N.18- 
N.19/21) age. The youngest cavities are crosscutting and unfilled. The youngest cavities 
may be in part due to dissolution. Field of view 2 cm, plane light (76DR02/5). B. Early 
Miocene floatstone with numerous borings filled with middle Pliocene wackestone and 
lined with apatite crusts (white isopachous rims) thereby dating the apatite precipitation. 
Field of view 2.5 cm, crossed polars (76DR02-1 ts 1).
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Age
The samples have been dated through their included foraminifer. They range in age from 
late Early Miocene (Zone N.7) to early Middle Miocene (Zones N.9-7N.10) with individual 
samples being referred :o Zones N.7- N.8, N.8, N.9 and N.9-7N.10 (G. C. H. Chaproniere, 
pers. comm. 1991).
Environment o f deposition
The common occurrence of Halimeda and larger foraminifer with rare coral fragments are 
characteristic of a chlorozoan assemblage which is indicative of wann surface waters during 
the late Early to early Middle Miocene.
The presence of rhodoliths is not in itself indicative of a particular environment or water 
temperature regime as they are known to occur from subpolar to tropical regions and from 
intertidal environments to water depths of up to 70 m (Bosence, 1983). The coralline algae 
that make up the rhodoliths are predominantly a wann water assemblage with only two cool 
water forms, Lithothamnium and Mesophyllum (Wray, 1977) suggesting either some influx 
of cooler waters or deepening. The spheroidal to elliptical shape of the rhodoliths is 
indicative of an environment that was sufficiently energetic to roll them.
The presence of micrite as a major part of the sediment suggest a relatively quiet or 
protected environment. However, much of the micrite appears to be peloidal and therefore 
may be a precipitate. Several locations adjacent to a reef complex would be compatible with 
the characteristics of the rhodoliths and the presences of micrite, including an upper slope 
environment, assuming that little or no downslope transportation of tire bioclasts has 
occurred. Because of the nature of the dredge site - an exposed palaeoslope - an upper slope 
environment is the favoured interpretation for the environment of deposition.
3.2.1.2 Late Miocene to Quaternary Limestones
These rocks vary from rudstone to wackestone and many of them contain reworked 
allochems of Early to Middle Miocene dolomitized floatstone, rudstone or reworked Early- 
Middle Miocene (N7-N8) bioclasts (Fig. 3.5).
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3.2.1.3 Latest Miocene Rudstone
This limestone consists of dolomitized Early-Middle Miocene lithoclasts in a matrix of 
orange brown micrite with rare planktic foraminifers.
3.2.1.4 Latest Miocene-Pliocene Floatstone
This rock consists of dolomitized Early-Middle Miocene lithoclasts and reworked 
bioclasts in a matrix of dolomitized planktic foraminiferal wackestone. The allochems are up 
to 1.5 cm across (Fig. 3.5B & 3.6). The matrix of the floatstone is Late Miocene to Pliocene 
(Zone N.17-N.21) in age. The rocks have been both bored and fractured. The borings and 
some fractures were lined with apatite crusts before being filled by Pliocene sediment (Zone 
N.19/20-N.21).
Environment o f Deposition
The muddy matrix and abundant planktic foraminifer are indicative of an upper bathyal slope 
environment on the edge of the Early-Middle Miocene platform that was drowned in the 
Late Miocene. The Early - Middle Miocene allochems were probably eroded from the 
exposed platform during the late Middle and early Late Miocene and deposited on the slope 
before being buried by hemipelagic sediments in the Late Miocene and Pliocene.
3.2.1.5 Pliocene Wackestone
These planktic foraminiferal wackestone have either Early Miocene allochems or fragments 
of a large bivalve (up to 15 cm long) that resembles the modern form Tridacna. One sample 
is a packstone consisting of sand size grains of Early Miocene packstone in a planktic 
foraminiferal matrix. These sediments have undergone several generations of borings that 
are filled with either planktic wackestone or micrite and often have phosphatic crusts.
Some of the older borings are lined with apatite crusts (Fig. 3.4B) whereas the younger ones 
are not. The age relationship between those cavities with and without crusts indicates that 
an episode of phosphatisation occurred during the ?middle and Late Pliocene which is 
consistent with the relationships between the wackestones and the phosphatic crusts 
observed in the cavities of the older rocks.
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3.5A
3.5B
Figure 3.5 A. Late Miocene (N.17B) planktic foraminifer wackestone. Field of view 2 cm, 
plane light (75DR3/7A1). B. Late Miocene (N.17B) wackestone as above but showing a 
reworked Early-Middle Miocene lithoclast (lower left) and a reworked larger foraminifer 
(Lepidocyclina). Field of view 2cm, plane light, (75DR/6B).
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Figure 3.6. Pliocene floatstone. Middle Miocene (N.9-7N.10) lithoclasts of dolomitized 
rudstone and rhodolith in a planktic foraminifer wackestone matrix of Early Pliocene 
(N. 19/20) age. The top of the rhodolith clast in the lower left corner has dolomite rhombs 
scattered through it. The rock has been fractured and the fracture filled with planktic 
foraminifer wackestone (Pliocene or younger (N.19 or younger), apatite crusts and deep 
marine spar (see Fig. 4.6). Field of view 2 cm, plane light (75DR02/III/4 thin section 1).
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Environment of Deposition
The muddy matrix and abundant planktic foraminifer are indicative of a shallow bathyal 
upper slope environment on the edge of the Early-Middle Miocene platform. The allochems 
were derived by erosion from the platform.
3.2.1.6 Quaternary Floatstone
This limestone consists of solitary corals, with fragments of thin walled bivalves and 
gastropods in a mud that is locally peloidal, and rich in planktic foraminifer (Fig. 3.7). 
Aragonitic bioclasts such as the corals, some of the gastropods, and bivalves have not been 
neomorphosed (Fig. 3.7B) but the former high magnesium calcite rims on the peloidal 
cement are now low magnesium calcite.
Environment of Deposition
The muddy matrix and abundant planktic foraminifer suggest an upper bathyal 
environment similar to the modern environment on the outer edge of the plateau.
3.2.2 ODP SITES
The lithostratigraphy and biostratigraphic data for each site is summarised below and in 
Figures 3.8 and 3.9.
3.2.2.1 Site 815
Site 815 is located in 466 m of water and is the most northerly of the three sites occupied on 
the Marion Plateau. The site was positioned to intersect the slope sequence of the plateau 
(Fig. 3.1), to determine the nature and age of both the downlapping section and the 
underlying sediments. Drilling penetrated a 473.5 m thick sequence of sediments composed 
of a 410 m package of latest Miocene to Pleistocene, upper bathyal, hemipelagic sediments 
overlying a Late Miocene and Middle Miocene shallow water carbonate sequences. The 
sedimentary sequences for this site are based on the shipboard descriptions (Shipboard 
Scientific Party, 1991), however, the boundaries between the lithostatigraphic units have 
been adjusted to fit subtle changes in lithology and induration that correspond to major 
changes in resistivity and sonic log signatures. The new boundaries to the units provide an 
improved correlation with seismic stratigraphy at the site.
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3.7A
Figure 3.7. Late Pliocene (N.21) floatstone which consists of large bioclasts comprising 
corals and molluscs in a matrix of micrite with planktic foraminifer. A. unstained. B. 
Aragonitic bioclast are stained black with Feigl's solution. Both photos - field of view 2 
cm, plane light (76DR04).
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Figure 3.8. Summary lithostratigraphic columns for ODP Sites 815, 816, 826 on the 
northwestern edge of the Marion Plateau.
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Figure 3.9. Age correlation chart for northern margin of the Marion Plateau. This chart 
compares the age ranges of sediments recovered at the three ODP sites with the ages of 
samples recovered by dredging. Data are from Shipboard Scientific Party (1991a, b), 
Chaproniere and Pigram (in press), G. C. H. Chaproniere (pers. comm. 1991). Time scale 
after Berggren et ah, (1985).
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Recovery at this site was very good between the seafloor and 410 meters below seafloor 
(mbsf). Below 410 mbsf, recovery declined, and there was no recovery between 444.5- 
454.2 mbsf and 463.2-473.5 mbsf. Six sedimentary units were recognised at the site and are 
described below. The descriptions of the hemipelagic sediments are based mainly on the 
results of the shipboard analysis carried out during ODP Leg 133 (Shipboard Scientific 
Party, 1991a, b).
Unit I: (0-73.3 meters below seafloor (mbsf), Late Pliocene to Pleistocene (Calcareous 
Nannofossil Zones CN.12a-CN.14; Planktic Foraminifer Zones N.21 -N.22-23).
Unit I consists of pale brown to white foraminifer nannofossil to nannofossil foraminifer 
ooze. The carbonate content of the unit varies from 66.2% to 91% but is generally in the 
range of 70-80%. The unit was deposited in a bathyal environment.
Unit II: (73.3-272.5 mbsf), Early Pliocene (CN.1I; N.18-N.I9).
Unit II comprises a greatly expanded section with sedimentation rates of up to 32.4 cm/ky 
which is a tenfold increase over the rates in Unit I. On seismic profiles this unit corresponds 
to the set of downlapping sequences that occur along the northern margin (Fig. 3.1). The 
unit consists of greenish grey to grey, slightly bioturbated nannofossil ooze and nannofossil 
calcareous mud. The carbonate content of Unit II is highly variable, ranging from 33.6% to 
85% (Fig. 3.10). There is an overall trend to lower carbonate values toward the base of the 
unit.
The unit was deposited in a bathyal environment (Shipboard Scientific Party, 1991).
Unit III: (272.5-348.4 mbsf), Early Pliocene (CN.10b-CN.il; N.18-N.19).
Unit III consists of greenish-grey to grey foraminifer nannofossil and nannofossil 
foraminifer chalk. The top of Unit III is marked by an increase in induration which 
corresponds to the loss of aragonite in the section (Shipboard Scientific Party, 1991). 
Carbonate content is less variable than in Unit II ranging from 55.7%-83.4% and tends to 
increase downhole. Unit III was deposited in a bathyal environment.
Unit III is divided into two subunits. The base of subunit A at 296.5 mbsf is marked by a
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poorly sampled thin, coarse sand layer that is 100% dolomite. This horizon has a very strong 
log signature with both a resistivity and velocity spike. This horizon is interpreted to be a lag 
deposit on a marine hardground. The 3 m interval immediately below this horizon was not 
recovered.
Unit B is similar in lithology but is characterised by the presences of numerous slumped 
horizons. The nannofossil content increases markedly in Unit III.
Unit IV: (348.4-410.0 mbsf), late Upper Miocene (CN.9b; N.17-7N.18).
Unit IV consists of greenish-grey foraminifer nannofossil and nannofossil foraminifer chalk 
with well preserved trace fossils including Chondrites, Zoophycos, Planolites, and 
?Scoyenia (Shipboard Scientific Party, 1991). The basal 3.5 m of this unit were deposited in 
an outer neritic environment but it passes rapidly into sediments deposited in an upper 
bathyal (200-600 m) environment (Shipboard Scientific Party, 1991). Carbonate content 
tends to be between 60% and 80%.
Unit V: (410.0-444.5 mbsf) Upper Miocene (CN.9a; N.17A).
Unit V consist of pale brown partially dolomitized foraminifer packstone with bioclasts 
and minor amounts of chalk. Core catcher samples from 434.9 mbsf (core 815 A 47X) 
contains Neogloboquadrina pachyderma, a cold water species which is evidence of the 
penetration of cold water into the region (Shipboard Scientific Party, 1991). The top of this 
interval (core 815A-45X-CC; 415.7 mbsf) was deposited in an outer neritic environment 
(100-200 m). The interval from 444.5-454.2 mbsf was not recovered.
Unit VI: (4542-?473.2 mbsf) late Middle Miocene (N.12).
Of the three cores that penetrated Unit VI, only one recovered any sample and it consists 
of 3 small pieces of rock. The sediments consist of white, partially dolomitized larger 
benthic foraminifer wackestone to rudstone. The major bioclasts are dominantly larger 
foraminifers(including Lepidocyclina (N.) howchini, and planktic foraminifer 
('Globigerinoides bold, Globorotalia praemenardii), echinoid fragments, rare bryozoa, 
brachiopods and coralline algae. The matrix of the wackestone now consists of
microcrystalline calcite mosaic that appears to be replacing mud. These sediments were 
deposited in a neritic environment (Shipboard Scientific Party, 1991; Katz and Miller, in 
press).
3.2.22 Site 816
Site 816 is located in 436 m of water and was positioned to drill the inner edge of a small 
mound and underlying platform facies near the northern edge of the plateau (Fig. 3.1). The 
principal objective was to obtain samples with which to determine the age of the platform 
sediments, the deposidonal environment of the platform rocks, the cause of the demise of 
tire platform, and its facies association.
Drilling penetrated a 250 m thick section composed of 90 m of Early Pliocene-Pleistocene 
hemipelagic sediment overlying dolomitized Middle Miocene and older shallow water 
carbonate sediments. Recovery was excellent in the hemipelagic sediments, but poor in the 
shallow water carbonates where it ranged from 2% to 33%. Three lithostratigraphic units 
were originally described at this site (Shipboard Scientific Party, 1991) but a re-examination 
of the data suggests there are four units. The units described below are based on the 
shipboard results and post-cruise laboratory work.
Unit I: (0-90.0 mbsf), Early Pliocene - Pleistocene (CN.10/11-CN.14/15; N. 19/20- 
N22/23).
Unit I consists of light grey foraminifer nannofossil ooze that grades into olive green 
dolomitic nannofossil clayey ooze with foraminifer at the base. The carbonate content of this 
unit ranges from 54% to 84%. Unit I was deposited in an upper bathyal environment 
probably in 500 m or less of water (Shipboard Scientific Party, 1991).
Unit II: (91.0-93.0 mbsf), late Early Pliocene (CN.ll; N.17-N.19/20)
Unit II consists of unlithified white bioclastic and lithoclastic grainstone and rudstone.
This carbonate sand is graded, with fine sand at the top of the section and coarse pebbles up 
to 2 cm in diameter at the base (Fig. 3.11). The sand consists of shell fragments (gastropods 
and bivalves), rounded debris of coralline algae (sometimes bored) and small rhodoliths, 
coral, and rock fragments consisting of rhodolith floatstone, packstone and grainstone. Most
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Figure 3.10. Carbonate content of the hemipelagic section recovered at Site 815. Note the 
variation in carbonate content throughout the section (from Shipboard Scientific Party, 
1991a).
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Figure 3.11. Pliocene (CN. 11) transgressive sand and gravel of Unit II at Site 816.
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Figure 3.12. Photograph of contact between the upper bathyal Early Pliocene hemipelagic 
sediments and the underlying Middle Miocene shallow water rhodolith bearing floatstone 
and rudstone at site 816. In hole A at this site these two units are separated by a 
transgressive sand and gravel unit (Fig. 3.11) which may be missing at this hole due to the 
action of the rotary corer.
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Figure 3.13. Typical Middle Miocene dolomitized, rhodolith bearing rudstone. Note the 
coral nuclei of the rhodoliths and extensive porosity.
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Figure 3.14. Well cemented rhodolith bearing floatstone. The rhodoliths vary from 1 cm 
to 5 cm across and are scattered through a bioclastic matrix. Geopetal fabrics within the 
large rhodolith at the centre of the core indicate that it is the right way up.
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Figure 3.15. Dolomitized boundstone. The grey area of the core is mostly Porites.
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Figure 3.16. Dolomitized boundstone consisting of Acropora, Porites, and ?Millipora 
(centre left of core). This assemblage is indicative of shallow water - less than 20 m in 
depth (Shipboard Scientific Party, 1991).
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clasts have been dolomitized. Many of the fragments resemble the rocks recovered from 
beneath this interval. The rounded, detrital nature of the allochems and their fining upward 
character, suggests that the sediment may be a transgressive sand deposited as the top of the 
platform was reflooded in the Early Pliocene. This interval was not recovered in hole 816B 
probably due to the action of the rotary drill which tends to wash away unconsolidated sand. 
The washed core (Fig. 3.12) shows the hemipelagic sediments in contact with clasts of 
dolomitized limestone from Unit III.
Unit III: (93.0-163.7 mbsf), Middle Miocene (N.10-N.12).
Unit III consists of partially to completely dolomitized rhodolith floatstone and bioclastic 
wackestone (Figs. 3.13, 3.14, 3.20D). The rhodolith floatstone consists of spherical to 
discoidal rhodoliths from 1 cm to 6 cm in diameter within a bioclastic wackestone matrix. 
The rhodoliths generally consist of coralline algae, with or without bryozoans, with coral 
nuclei and occasionally show Cliona borings. However the rhodoliths between 
approximately 115-140 mbsf are made up of coralline algae and encrusting foraminifer 
(Ladoronia). Coralline algae in the rhodoliths consist mainly of Archeolithothamnium, 
Porolithon, Lithoporella and ?Mesophyllum. The matrix consists of fragments of coralline 
algae (Archeolithothamnium, Porolithon, and articulate forms), Halimeda, large 
foraminifer, bivalves, with or without coral, brachiopods, gastropods and echinoid 
fragments in carbonate mud. The bioclastic component of the wackestones is identical. The 
rocks contain both mud and cement, some of which were originally calcite but are now 
dolomite. The mud and foraminifers in the top 20 m of the section are still calcitic but 
quickly become completely dolomitized downhole (see Chapter 3). Dolomitization increases 
in intensity downhole and becomes more fabric destructive as the dolomite grains become 
coarser. Unit III contains vuggy, moldic, interparticle, intraparticle and intercrystalline 
porosity. Porosity may reach values of up to 30%, based on visual estimates. Vuggy and 
intercrystalline porosity become increasingly important with increasing dolomitization. 
Geopetal structures are common (Figs. 3.13 & 3.14).
The angular, fragmented nature of the bioclasts in the matrix suggests that they are 
predominantly para-autochthonous and the biotic composition of the assemblage suggests
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that the sediment was deposited in a shallow back reef environment probably in 5 m or less 
of water (Shipboard Scientific Party, 1991).
Unit IV: (163.7-250.0 mbsf), Early to Midde Miocene (N.6-N.12).
Unit IV consists of dolomitized coral and rhodolith floatstone and rudstone (Figs. 3.15, 
3.16, 3.17). The matrix of the floatstone consists of bioclastic packstone or grainstone (Fig. 
3.17). Tire rudstone consists of white rhodoliths, light grey corals including Porites and 
Acropora and minor bioclasts. The rhodoliths are up to 5 cm in diameter, generally 
spheroidal in shape with both laminar and columnar thalli. The rhodoliths are bored and 
have either coral or coralline algae nuclei. Geopetal fabrics are common.
Bioclasts consist of coralline algae (Archeolithothamnium), foraminifers, corals (Porites, 
Acropora), Halimeda, and bivalve fragments. Much of the fragmentation of the bioclasts 
appeal's to be the result of recrystallisation associated with dolomitization. Dolomitization is 
intense and becomes fabric destructive in these rocks. Some parts of the sediment are 
reduced to fragments of coralline algae in a dolomite matrix (Figs. 3.18 & 3.19C). In other 
samples the bioclasts are reduced to micrite envelopes either filled or lined by dolomite 
(Figs. 3.19A & 3.19B). The dolomitic matrix is frequently polymodal in crystal size but is 
more commonly planar.
Porosity is high, up to 30%, and consists of vuggy, moldic, interparticle, intraparticle, and 
intercrystalline pores.
These sediments were deposited in water depths that range from intertidal to 20 m 
(Shipboard Scientific Party, 1991).
3.2.23 Site 826
Site 826 is the most southerly of the three sites occupied on the Marion Plateau. It is 
located approximately 2.8 km south of Site 816 (Fig. 3.1) in 424 m of water. The objective 
at this hole was to recover samples from the carbonate platform in a lagoonal site to 
determine the age of the platform, the depositional environment of the platform rocks, the 
cause of the demise of the platform and its facies association. After establishing the mud 
line, the hole was washed to 98.5 mbsf thereby restricting recovery in the foraminifer 
nannofossil oozes at the top and bottom of the section.
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Figure 3.17. Dolomitized floatstone and rudstones from Site 816. These sediments are
completely dolomitized and show extensive porosity due to dissolution. The matrix and
e+
most of the bioclasts are minffically replaced so that the fabric of the sediment is preserved. 
The calcitic cements are recrystallised to planar-e dolomite and mostythe voids are lined 
with an isopachous rim of dolomite. A. Dolomitized floatstone showing a large range of 
bioclasts sizes, micrite matrix and extensive porosity due to dissolution. The micrite is 
replaced but not recrystallised. Similarly most of the bioclasts are mirrjjically replaced by 
dolomite. Field of view 2.1 cm, plane light (133-816B-8R-1 125-127). B. Same section as 
A but under crossed polars showing that most voids are lined by a dolomite spar. Some of 
the mod filling dolomite may be after meteoric calcitic cements (eg the coral rngti at centre 
left and the ?bryozoan moulds top left and top right corner). Field of view 2.1 cm, cross 
polars, (133-816B-8R-1 125- 127). C. Dolomitized rudstone showing the partial 
dissolution of bioclasts and the extensive dissolution of matrix and or cements. Foraminifer 
bioclasts for example range from partly dissolved (to left of rhodolith ) to completely 
dissolved (mocl at bottom right comer). Most bioclasts are partly corroded with the 
coralline algae least affected. These sediments should be compared to those illustrated in 
Fig. 6 and 8. Field of view 2.5 cm, plane light (133-816B-4R-1 16-17). D. As for C but 
under crossed polars. Note how even the finest skeletal fragment or ?micrite envelope has a 
dolomite rim. Field of view 2.5 cm, plane light (133-816B-4R-1 16-17).
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Figure 3.18. Dolostone - polymodal planar dolomite has replaced the matrix, cement and 
all bioclasts except coralline algae. The coralline algae is dolomitized and has been 
mirpjcally replaced. A - plane light. B - crossed polars. This sediment illustrates the almost 
complete destruction of the original fabric of these sediments. In this example the only 
bioclast preserved is coralline algae but in other samples rare foraminifer and Halimeda 
ghosts occur. Field of view 3 cm, (133-816C-5R-1 85-90).
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Figure 3.19 Examples of planar dolomite replacing bioclasts and matrix. Note the 
increased lost of original fabric from A to C and the porosity in each example. A. Micrite 
envelopes line or filled with planar dolomite, Unit IV site 816. Field of view 4.5 mm, 
(133-816C-6R-1 26-27). B. Similar to A but there is less preservation of micrite envelopes 
and the matrix consists planar-e dolomite. Field of view 4.5 mm, (133-816C-6R-1 26-27). 
C. Matrix of planar-e dolomite with fragments of mirrjically preserved dolomitized 
coralline algae. Field of view 4.5 mm, (133- 816C-5R-1 85-90).
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Unit I
Unit I was only recovered in the top 3.5 mbsf while establishing the mud line and in the 
second core which represents approximately 90 m of washings. The top 3.5 m consists of 1 
m of unlithified foraminifer bioclastic packstone overlying 2.5 m of white to grey 
bioturbated foraminifer nannofossil ooze. The upper core is Pleistocene in age while the 
foraminifer nannofossil ooze in the washed core contains a poorly preserved Early Pliocene 
assemblage older than 3.51 Ma but younger than 5.26 Ma (Shipboard Scientific Party,
1991). This unit is the same as Unit I at Site 816, where it consists of clayey ooze with 
varying proportions of nannofossils and foraminifers.
Unit II: (98.5-250 mbsf), Middle Miocene (N.I0-N.12).
Recovery in Unit II was poor, ranging from 0 to 5%. Unit II consists of partially 
dolomitized to dolomitized bioclastic packstone and rudstone, with minor wackestone (Fig. 
3.20). The packstone and rudstone occasionally have rhodoliths up to 5 cm in diameter. The 
more muddy rocks are less dolomitized and the degree of dolomitization increases 
downhole.
The major bioclastic components are often fragmentary and consist of coralline algae 
CArcheolithothamnium, Lithoporella and Porolithon), foraminifer (Gypsina, Lepidocyclina, 
Amphistegina, Orbulina), Halimeda, and minor coral, bryozoan, brachiopod and 
echinoderm fragments. Vuggy, moldic, interparticle and intercrystalline porosity are well 
developed so that visually estimated values of up to 30% are common.
3.2.3 SOUTHERN MARION PLATEAU
Sampling of the cover sequence on the southern Marion Plateau has been limited to 
dredging which was directed at two targets: a scarp to the east of the Great Barrier Reef 
and north of Saumarez Reef (Fig. 1.8) and some low-relief mounds to the north of the 
scarp. Samples were recovered from both targets and are described below.
3.2.3.1 Scarp
A single large slab of orange brown limestone measuring approximately 80 x 70 x 15 cm
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was dredged from a scarp on the northern edge of the MP3 platform. It consists of a 
rhodolith-bearing floatstone whose upper surface has been eroded, bored and encrusted, and 
forms a marine hardground (Fig. 3.21). This surface is overlain by a thin phosphatised 
planktic foraminiferal wackestone which forms a condensed sequence.
Rhodolith bearing floatstone (Late Miocene, Zone N.17)
This rock consists of rhodoliths and minor bryozoan, coral, echinoid fragments, reworked 
Early-Middle Miocene lithoclasts or fauna and rare Halimeda, in a wackestone matrix 
consisting of planktic foraminifers in micrite (Fig. 3.22). The floatstone is partially 
dolomitized.
The rhodoliths are up to 4 cm across, spheroidal to ellipsoidal in shape usually with 
laminar thalli although rare columnar thalli occur. The rhodoliths are polyspecific, with 
Mesophyllum and Lithoporella the main forms of coralline algae. The encrusting foraminifer 
Gypsina plana is an important part of most of the rhodoliths (Fig. 3.22) and may form up to 
half of the encrusting forms in the rhodolith. Encrusting bryozoa are rare.
Phosphatic wackestone (Early Pliocene, Zone N.18 to N.19/N.20)
The phosphatised interval is never more than a few centimetres thick (Fig. 3.22) and 
consists of lenses of foraminiferal wackestone bound by anastomosing crusts of apatite that 
merge and split at random (Fig. 3.22B). The wackestone contains material reworked from 
the underlying sediment including rhodoliths and rare reworked Early - Middle Miocene 
fauna and detritus. The presence of this reworked material indicates that the older platform 
remained exposed until Late Pliocene (Zones N. 19/20 to N.21) time which is consistent with 
the flooding history of the plateau as derived from the sampling along the northern edge of 
the plateau.
The surface on which the phosphatic wackestone rests has been eroded, bored and 
impregnated with manganese. The phosphatised wackestone is also bored and the borings 
are usually filled by several generations of Late Pliocene (N.19-N.21) micrite separated by 
apatite crusts.
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Figure 3.20. Photomicrographs of limestone from Site 826A showing the texture of the 
partially dolomitized shallow water carbonate sediments from the upper part of the 
platform. A. Partially dolomitized Middle Miocene floatstone/rudstone. The left hand side 
of the photo is a rudstone with dolomitized spar cement whereas the remainder of the rock 
has a floatstone texture with a micrite matrix. Major bioclasts include larger benthic 
foraminifer, coralline algae, bryozoa and Halimeda. Porosity is mainly vuggy and 
interparticle. Dolomite has selectively replaced the calcitic cements (including those that 
were neomorphosed from aragonite) and some of the bioclasts. The larger foraminifer and 
the coralline algae are unreplaced as is the micritic matrix. Field of view 3 cm, plane light, 
(Core 133-826A-9R-1 1-3). B. Partially dolomitized middle Miocene floatstone. The larger 
foraminifer Amphestigina and Lepidocyclina are the main bioclasts with minor Halimeda 
and coralline algae. Field of view 2.5 cm. plane light (Core 133-826A-2W-CC 5-7). C. 
Partially dolomitized Middle Miocene floatstone in which Halimeda is the major bioclast. 
Other bioclasts include bryozoan, coralline algae (rhodolith in lower left corner) and 
foraminifer. Field of view 3 cm, plane light ( 133-826A-5R-1 19-21). D. Dolomitized 
rudstone with rhodoliths. Both rhodoliths are polyspecific and the two major encrusters are 
coralline algae and foraminifer Ladoronia vermicularis. The rhodolith in the lower left 
corner had a coral core and the core of the other rhodolith has been bored apparently 
before it was encrusted. The matrix is bioclastic and has undergone extensive dissolution to 
create vuggy porosity. Field of view 3 cm, crossed polars, (Core 816B-2R-108-110).
84
3.20A
3.20B
85
3.20D
86
Mn impregnat i on
Truncated
rhodol i th
Condensed  sec t i on
Bor ings
Mar ine
hardground
Mn c r u s t s '
Figure 3.21. Line drawing of the marine hardground surface and overlying condensed 
section recovered from the northern slope of the MP3 platform. The original sediment 
consists of a rhodolith bearing rudstone (the lower part of the rock) which is bound on its 
upper side by a hard ground surface which has been bored, impregnated with manganese 
and eroded. Several of the rhodoliths have been truncated. The overlying sediment is part 
of a condensed section consists of a series of anastomosing apatite crusts separated by 
lenses of planktic foraminifer wackestone (see Fig. 3.22).
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Figure 3.22. Late Miocene (N.17A) rudstone from the southern Marion Plateau. Tire 
rudstone consists of polyspecific rhodoliths in a matrix of planktic foraminifer wackestone. 
A. Overview of the rudstone showing the character of the rhodoliths and the matrix. The 
rhodoliths are usually made up of approximately equal proportions coralline algae and tire 
encrusting foraminifer Gypsina. This rhodolith has been bored (photo centre) and the 
excavation and intraskeletal cavities filled with planktic foraminifer wackestone. The right 
side of the sample consists of an Early Pliocene (N.18-N. 19/20, probably N.18) condensed 
sequence comprising thin layers of wackestone separated by anastomosing 
multi generational apatite crusts. Field of view 2 cm, plane light (76DR09-C2-1). B. 
Contact between the rudstone and the condensed section. The contact runs through the 
centre of the photograph from left to right. This surface truncates the rhodoliths (extreme 
right and centre left of photo). The condensed section above consists of abundant 
anastomosing apatite crusts separated by irregular lenses and pods of wackestone. The 
wackestone of the condensed section is N.18-N. 19/20 (probably N.18) in age and dates the 
formation of the apatite crusts as Early Pliocene.
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Environment o f Deposition
The rhodolith bearing wackestone with its matrix full of planktic foraminifer and cool 
water red algae suggests an upper slope setting well below storm wave base. The upper 
surface of the floatstone has the characteristics of a marine hardground on which a 
condensed section (phosphatic wackestone) has accumulated.
3.2.3.2 Mounds
A field of mounds occurs on the plateau surface to the north of the scarp on the southern 
plateau. The mounds, which are found in 300 m of water are up to 15 m high and 
approximately 150 m across. On seismic sections they appear to sit in a slight hollow and it 
is possible that the mounds were buried and have been excavated by current action. In an 
attempt to sample these mounds the dredge was run along the bottom. The sediments 
recovered are assumed to be from the mounds. The rocks consist of coarse, porous 
bioclastic floatstone.
Bioclastic Floatstone (probably Quaternary; Zone FI.22)
Coarse (up to 1-2 cm), very porous, poorly sorted bioclastic floatstone cemented by 
peloidal micrite. The main bioclasts are planktic foraminifers, larger benthic foraminifers, 
coralline algae (mainly articulated forms), Halimeda, bryozoans, bivalves (usually thin 
shelled and up to 2cm long), gastropods, and rare coral and echinoid fragments. The 
bioclasts tend to be fragmented.
The sediments are very porous. Interparticle and intraparticle porosity dominate. Moldic 
porosity is rare.
3.3 CONCLUSIONS
The samples also provide a range of information on the lithology and facies association of 
each of the major sequences, the age, nature and duration of the unconformities. From this 
information it is possible to draw conclusions about the facies association of the platforms, 
the subsidence history the plateau, the demise of the MP2 platform and the drowning of the 
plateau.
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3.3.1 FACIES ASSOCIATION
The nature of the MP2 platform in terms of its facies association had been speculated 
upon by Davies et al., (1989) and Feary et al., (1991) who had suggested on the basis of the 
latitudinal position of the Marion Plateau, northward movement of the Australian plate and 
the evolution of the physical oceanography of northeast Australia region that the MP2 
platform may have formed in a subtropical environment. However the bio-assemblages of 
the Early to Middle Miocene shallow water carbonate sediments which are dominated by 
Halimeda, coral, coralline algae, and larger foraminifers are typically chlorozoan (Lees, 
1975) indicating that the sediments were deposited under wann surface water conditions.
By comparison with modern analogues this would suggest that the minimum surface water 
temperature was always above 18°C. In terms of the palaeoceanographic analysis of Feary 
et al., (1991) which was based on open ocean sites and was then corrected by 2°C to allow 
for near shore effects it would appear that a correction of 3°C to 3.5°C would have 
correctly predicted the facies association of the Early to Middle Miocene MP2 platform on 
the Marion Plateau.
3.3.2 SIGNIFICANCE OF THE N12 NERITIC CARBONATES AT SITE 815
At Site 815 shallow water carbonate sediments of late Middle Miocene (Zone N.12) and 
late Late Miocene (Zone N. 17) age were recovered from the slope of the platform. These 
sediments had been deposited in a neritic environment in water depths of less than 100 m 
(Shipboard Scientific Party, 1991).
If it is assumed that they are in situ, the discovery of neritic sediments of N.12 age on the 
slope has implications for the processes that led to their deposition and for tire age of the 
shallow water sediments on top of the platform. In Figure 3.23, Site 815 and the top of the 
platform adjacent to Site 816 are restored to their original relationship at the time of the 
deposition of the N.12 sediments by backstripping (the backstripping was done assuming 
Airy type crust and the calculations are contained in Appendix 3.1). The section has been 
restored so that the N.12 sediments at Site 815 are on the seabed in a palaeowater depth of 
100 m (Fig. 3.23B).
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This reconstruction shows that sealevel at the time the N.12 sediments were deposited on 
the slope, is well below the top of the plateau demonstrating that the top of the MP2 
platform must have been exposed. Therefore it is unlikely that any N. 12 age sediments 
would have been deposited on tire platform and that the youngest age possible for sediments 
that make up the top of this platform is N .l 1. Furthermore it demonstrates that the exposure 
of the platform and the deposition of die N.12 sediments on die slope was achieved by a 
relative fall in sealevel of at least 100 m during the late Middle Miocene.
3.3.3 PLATFORM DEMISE AND DROWNING 
3.3.3.1 MP2
At Site 815, an unconformity occurs between the shallow water carbonate sediments 
ranging in age from Middle Miocene (Zone N.12) to Late Miocene (Zone N.17 or CN.9a) a 
period of approximately 5 My. This period of non Deposition suggests diat sealevel fell 
below the level of the N.12 sediments and exposed them. The N.17 neritic sediments were 
then deposited as sealevel began to rise in the Late Miocene, flooding first the slope and 
then eventually, the entire plateau. Furthermore at Site 815 the Late Miocene shallow water 
sediments are overlain by 410 m of bathyal latest Miocene and Pliocene hemipelagic slope 
sequence that has a considerable variation in carbonate content. These sediments record an 
influx of fine clastic detritus into the region. The geometry of the downlapping sequences 
against the platform margin suggests deposition by currents implying that the fine grained 
clastic detritus was carried into the region probably from the northwest. The original source 
of the clastic detritus is assumed to be a major river, such as the proto-Burdekin, which had 
its mouth near the present day edge of the shelf during periods of low sealevel. This also 
suggests that the downlapping sequences may also contain sealevel signatures.
At Sites 816 and 826 the shallow water carbonate platform is overlain by Pliocene to 
Pleistocene hemipelagic sediments similar to, but much thinner (90 m) than, those at Site 
815. The hiatus at the top of the platform extends from the Middle Miocene (Zones N .l0/12 
(possibly N. 11) to C N .ll or N. 19/20) a period of approximately 7 - 8 My.
The sedimentary record at Sites 816 and 826 also provides an explanation for the lack of 
Late Miocene and younger carbonate platforms along the northern margin of the plateau.
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This is in contrast to the eastern part of the plateau where reef complexes were successful in 
recolonising the plateau. The explanation for this contrast is related to the reasons for the 
demise of the MP2 platform and the drowning of the plateau.
The initial platform demise, in the late Middle Miocene, appears to be related to a relative 
fall in sealevel which exposed the platform. The N.12 and N.17 neritic carbonate sediments 
at Site 815 were deposited during a relative sealevel lowstand in water depths that meant 
that the top of the plateau must have been exposed during this period. When the plateau was 
reflooded in the Early Pliocene the palaeowater depth very quickly became bathyal 
indicating that a major relative rise in sealevel of approximately 300-400 m occurred at this 
time thereby drowning the plateau. This relative rise in sealevel was too great to be due 
solely to eustatic fluctuations and must have been due to the combined effects of a 
subsidence pulse and sealevel fluctuations in the Early Pliocene. The subsidence history 
appeal's to have involved a pulse and not simply an increase in subsidence rate because the 
plateau has remained in upper bathyal depths throughout the Pliocene to Recent. Therefore 
a pulse in the early Pliocene carried the top of the plateau into an upper bathyal regime very 
quickly and then its subsidence rate again slowed so that it has remained in upper bathyal 
water depths.
This rapid relative rise in sealevel, however, does not in itself explain why the platform 
failed to re-establish itself in the northwestern part of the plateau when it was successful 
in doing so along the eastern margin of the plateau where it forms the pedestal to Marion 
and Saumarez Reefs. The explanation appears to be related to a change in water quality 
after plateau flooding. The Pliocene sediments that cover the northwestern part of the 
plateau have a significant clay content (up to 40%) indicating that turbid water conditions 
may have been the principal reason for the reefs being unable to recolonise during the 
transgression of the northwestern part of the Marion Plateau during the Early Pliocene.
With the subsidence pulse and consequent rapid increase in water depth during the Early 
Pliocene the top of the plateau was quickly removed from the photic zone and the 
opportunity for recolonisation lost. The platforms to the east, however, would appear to be 
have been far enough removed from the influx of terrigenous clay to be unaffected and 
therefore able to establish themselves and keep up despite to the subsidence pulse.
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Figure 3.23. Schematic cross sections through ODP Sites 815 and 816 showing the 
parameters used to backstrip the section so that it is restored to late Middle Miocene (N.12) 
time. It has been assumed that the N.12 sediments intersected in Site 815 are in situ and the 
section backstripped so that they are in the maximum palaeowater depth of 100 m. Wd = 
present day water depth, S = sediment thickness, ps = density of the sediment. Calculations 
for the backstripping are contained in Appendix 1.
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The results from the sampling of tire northern margin of the plateau demonstrate that the 
demise of the Early to Middle Miocene carbonate platform was due to subaerial exposure as 
a consequence of a relative fall in sealevel. Its failure to re-establish itself after reflooding 
was probably due to a combination of turbid water conditions and rapidly rising sealevel due 
to a subsidence pulse.
3.3.3.2 MP3
The sample from MP3 records a change of environment from neritic palaeowater depths 
to upper bathyal water depths during the Early Pliocene. This change in environment may 
have come about simply as a consequence of the downslope movement of the limestone 
block but tire timing of the change coincides with the reflooding of the plateau and the 
drowning of MP2 suggesting that the demise of MP3 may have been related to the 
drowning of the plateau.
3.4 SUMMARY
The samples recovered from the Marion Plateau show it to have been a major carbonate 
province during the Neogene and provide a range of information on this province which is 
summarised below.
i) there are two distinct phases of platform development (MP2 and MP3).
ii) samples from MP2 range in age from late Early Miocene to Middle Miocene (Zones N.7 
to N. 10-12) and the shallow water carbonates at Sites 816 and 826 are no younger than 
Middle Miocene (N.10-N.12; probably N.10);
iii) shallow water carbonate sediments are present and constitute the major part of the 
plateau cover sequence;
iv) the bio-assemblages of the shallow water carbonate sediments at Sites 816 and 826 are 
clearly chlorozoan and are indicative of warm surface waters in the Marion Plateau 
region during the Middle Miocene;
v) the top of the MP2 platform was exposed for approximately 8 My from the Middle 
Miocene to the Early Pliocene (end of Zone N.10 until the beginning of Zone N .19/20,
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CN. 11);
vi) the Late Middle Miocene (N.12) at Site 815 were deposited in a neritic environment 
well below the top the platform suggesting that the exposure of the MP2 platform was 
the product of a major fall in sealevel (see discussion);
vii) Reflooding of the platform slope in the latest Miocene led to the deposition of neritic 
bioclastic carbonate sediments at Site 815 (Unit IV (N17)) over the former slope 
sediments (Unit V (N12)) suggesting sealevel fell below the level of the unconformity 
between Units IV and V.
viii) the top of the platform was not flooded until earliest Pliocene time (CN.l 1).
ix) A major subsidence pulse occurred in the Pliocene. This rapidly carried the top of the 
plateau into bathyal water depths where it has remained ever since.
x) samples from MP3 are Late Miocene (Zone N.17) in age.
xi) the precipitation of phosphatic crusts occurred during the mid Pliocene.
APPENDIX 3.1
BACKSTRIPPING OF THE SITES 815 TO 816, NORTHERN MARION 
PLATEAU
SITE 816
Parameters used for this site are show in Fig 3.23.
Formula for isostatic compensation assuming an Airy type crust:
W -  + (pm - Ps / Pm -Pw) S
W = the level of the surface below sealevel after a layer of sediment (S) of m thickness 
and a density of ps is removed. = water depth; pm = density of the mantle; pw = 
density of seawater.
a) Backstripping in water:
Ww = 426 + (0.59)66
= 465 m
b) Backstripping in air ie. removing the 465 m layer of water:
Wajj^ 465 • 0.69
= 321 m
This means that the exposed top of the platform is 321 m below the datum.
SITE 815
The parameters used for this site are show in Fig. 3.23 and the backstripping was 
done by removing 3 layers of sediment:
a) removing the sediment layers in water:
Wa = 456 + (0.59)272m 
= 616m
W5 = 616m + (0.547)76 m 
= 657.6 m
Wc = 657.6m + (0.505) 106m 
= 711 m
This means the top of the N12 sediments are in 711 m of water after all the younger 
sediment layers are removed.
b) to backstrip it so that the N12 sediments are in 100 m of water:
Wy oo =611(0.69)m 
= 421.6 m
CHAPTER 4
DIAGENESIS AND CEMENT STRATIGRAPHY
4.1 INTRODUCTION
The study of diagenesis in shallow water carbonate sediments has, over the last 30 
years identified a series of cement morphologies that are a reliable guide to their 
environments of formation. Cements characteristic of warm shallow marine, meteoric 
and burial diagenetic environments are well documented (Bricker, 1971; Bathurst,
1975; Longman, 1980; James and Choquette, 1983a & b; 1984, Choquette and James, 
1987; Moore, 1989).
The types of cement found in each of the main age groups of sediments, and the cement 
stratigraphy of the shallow water carbonate sediments recovered from MP2 and MP3 of 
the Marion Plateau are described below. The objective of the study has been to define 
the lithification processes which affected the Marion Plateau sediments and to examine 
them for evidence of the causes of the demise of platform.
4.2 METHODS
Two hundred and seventy thin sections were examined, of which approximately one 
half were stained to determine their mineralogy; initially, with Feigl's solution (to 
identify aragonite), then with Clayton's Yellow (to determine the high magnesian 
calcite (HMC)) components, and finally with Alizarin Red S (to distinguish calcite 
from dolomite) (Freidman, 1959; Dickson 1966; Lewis, 1984). Several of the 
dolomitized samples were tested for cathodoluminescence, but were found to be non- 
luminescent. The presences of dolomite was confirmed by X-ray diffraction during Leg 
133 (Shipboard Scientific Party, 1991a).
Some of the bioclasts, and very rarely some of the cements, have retained their original 
mineralogy but most are partially or completely dolomitized. Many of the dredge and 
some of the drill samples retain their original textures with remarkable fidelity despite 
the dolomitization. In other cases the fabrics are almost completely destroyed.
The cement stratigraphy in these samples was readily established from the relationships
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preserved in the samples. It was also possible to establish the broad timing of each of 
the phases of cement precipitation because of the deposition of planktic foraminifer rich 
mud in cross cutting dissolution cavities, borings and fractures in many of the dredge 
samples. The interpretation of the environments of precipitation for each phase of 
cementation is based largely on morphology as described by numerous authors but 
summarised by Bricker, (1971); Bathurst, (1975); Longman, (1980); James and 
Choquette, (1983a and b, 1984), Choquette and James, (1987); Moore, (1989). Oxygen 
isotope analysis of the cements was not attempted, as it was assumed that the 
dolomitization of the cements would have significantly altered the original isotope 
signature of the cements thereby rendering that signal useless for the interpretation of 
the environments of precipitation of the cements. Sr isotopes analysis of dolomites 
from many of the Leg 133 sites, including four from Site 816, was undertaken to 
establish the timing of dolomitization (McKenzie, Elderfield and Isdern, in press). The 
results of the Sr isotope analysis of the samples from Site 816 are discussed below in 
the section on the timing of the dolomitization.
4.3 NORTHERN MARION PLATEAU (MP2)
4.3.1 EARLY MIOCENE TO MIDDLE MIOCENE SHALLOW WATER 
LIMESTONES - CEMENTS AND OTHER DIAGENETIC PROCESSES 
The MP2 platform has been drowned, is now in more than 400 m of water and has 
been buried or partly buried by hemipelagic sediments. The upper surface of MP2 is a 
prominent unconformity (Fig. 2.1 and Enclosures 3, 5, 11 & 14) overlain by 
hemipelagic sediments. The hiatus extends from Middle Miocene to Early Pliocene 
(from Zones N. 10/12 to N. 19/20 or CN.ll). During this period, the plateau was either 
starved of sediment, in which case the upper surface of MP2 should be a marine 
hardground, or subaerially exposed, in which case the limestone should show evidence 
of meteoric diagenesis. An analysis of the Neogene sea-level record preserved on the 
Marion Plateau (Chapter 6; Pigram et al., 1990; Pigram et al., 1992) suggests that 
subaerial exposure, caused by a major fall in sealevel had led to the demise and erosion 
of the older platform.
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The purpose of this section is to report the results of an analysis of the diagenetic 
history of the shallow-water limestones samples obtained by drilling at Sites 816 and 
826 and by dredging the MP2 platform. This analysis was directed at establishing the 
cement stratigraphy of the platform so as to examine the timing and cause or causes of 
the platform's demise.
The Lower to Middle Miocene shallow-water limestones are generally dolomitized 
floatstone and minor rudstone. The floatstone consists of bioclasts (including 
rhodoliths) in a matrix of peloidal micrite. In some samples the sediments are clast 
supported and is therefore a rudstone. The major bioclasts consist of larger foraminifer, 
coralline algae (nodules as well as those forming rhodoliths), articulate red algae 
(including ?Arthrocardia) and Halimeda. The minor bioclasts include echinoderm, 
gastropods, bryozoan, coral and brachiopod fragments .
The cement types and the effects of other diagenetic processes such as neomorphism 
and dolomitization, are briefly described below and are illustrated in Figures 4.1 
through 4.9, and summarised in Figures 4.10 and 4.11. Other processes such as boring 
and fracturing that cross cut cement phases and thereby assist in dating events, are also 
briefly described.
4.3.1.1 Botryoidal Aragonite
This cement consists of radiating clusters of needle-shaped aragonite crystals 
(determined by staining with Feigl's solution) that form botryoids in the conceptacles 
and intraskeletal cavities of coralline algae (Figs. 4.1 A & 4.IB), occasionally filling the 
zooecia of bryozoa and, rarely, the chambers of foraminifer. The needles are up to 10 
pm across and 100 pm long. Similar clusters with the same morphology commonly 
occur in the same locations, but have either a low magnesium calcite (LMC) or 
dolomite mineralogy. Because of their habit and morphology these cements are 
interpreted to be of the same origin, but have undergone neomorphism from aragonite 
to LMC or dolomite. The original habit of the clusters is generally well preserved 
despite neomorphism.
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4.1A
4.IB
Figure 4.1. Botryoidal aragonite cement. This cement is generally restricted to 
coralline algae and commonly occurs in two locations; A. in intraskeletal cavities. Field 
of view is 1 mm, plane light, (75DR03/I/8) B. in the conceptacles. Field of view is 1 
mm, plane light, (75DR03/II/3 ts 1).
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4.3.1.2 Isopachous Fibrous Rim Cement
Isopachous fibrous rims form cements up to 50 pm thick (Figs. 4.2A & 4.2B). They 
tend to occur on grains separated by large interparticle pores, which are, therefore, 
comparatively rare. As this cement lines cavities filled with peloidal micrite and micrite 
it is interpreted as the first cement precipitated within these sediments. Staining shows 
these fibrous isopachous pore lining cements to consist entirely of LMC or dolomite.
No relic aragonite or high magnesium calcite (HMC) is preserved.
4.3.1.3 Syntaxial Overgrowths
Syntaxial overgrowths on echinoid fragments and spines are a common, but
volumetrically insignificant, cement type (Fig. 4.3). These overgrowths originally were
et
LMC but have been mirrjcally replaced by dolomite. LMC relics (identified by staining 
with Alizarin red S), within the dolomite attest to the original composition of the 
overgrowths. The syntaxial cements vary widely in dimension, but characteristically 
out-compete the isopachous calcite pore lining cement for the available pore space.
4.3.1.4 Bladed to Granular Pore Lining Cements
Bladed to granular pore lining cements up to 300 pm thick are common throughout 
the Early to Middle Miocene sediments (Fig. 4.4). The morphology of individual 
crystals within these cements is most commonly bladed, but granular and irregular 
fonns also occur (Fig. 4.4B). These cements are now mostly dolomite, but rare relic 
LMC occurs within the dolomite as seen after staining (Alizarin red S). Dolomitization 
has occurred by mimic replacement and has preserved the original textures to a high 
degree.
4.3.1.5 Granular or Blocky Cement
Blocky to granular, pore-filling, clear cement up to 0.3 mm wide is the most common 
cement in these rocks (Fig. 4.2A and 4.2B). This spar typically becomes coarser toward 
the centre of the pore. The cement is now dolomitized, but relics of LMC identified by
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Figure 4.2. Marine isopachous fibrous cement. A. Middle Miocene rudstone with 
isopachous fibrous cement on most bioclasts. In the centre of the photograph the 
isopachous cement and the micrite envelope are all that is left of the bioclast. The pores 
have been largely filled with meteoric calcite cements. All the cements are now 
dolomite. The slide has been etched. Field of view 8 mm, plane light (133-826A-9R-1 
1-3). B. Isopachous fibrous cements on coralline algae fragments and Halimeda. The 
isopachous cement predates the peloidal mud to the right of the photograph. The pore 
space has been filled by meteoric calcite cement. All the cements have been selectively 
dolomitized. The coralline algae is still calcitic whereas the Halimeda has been 
dolomitized. Field of view 2.5 mm, crossed polars (75DR03/I/7 ts 1).
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Figure 4.3. Syntaxial overgrowth on an echinoderm fragment. These overgrowths have 
been miiryically dolomitized. Field of view 1 mm, plane light (75DR03/II/3 ts 2)
rv
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Figure 4.4. Meteoric phreatic cements. Bladed to granular pore lining calcitic cement.
These cements vary considerably in crystal morphology but were all initially calcite
and pore lining. They are now mirqically dolomitized. A. Granular or blocky pore
lining cement in an intraskeletal cavity of a coralline algae. The algae had a very open
structure and was initially filled geopetally by bioclastic wackestone (bw). The
sediments were exposed and the isopachous rim of calcite cement precipitated all
around the remaining pore spaces. The cement has filled the conceptacles of the algae
in the upper left of the photograph and almost filled the intraskeletal space just below
the area with conceptacles. After the platform was reflooded the remaining pore space
began to fill, initially with sponge chips (sc) and then planktic wackestone (pw) of
Pliocene age (Zones N.19/20-N.21). The vuggy porosity appears to have formed after
the deposition of the Pliocene wackestone probably in a deep marine environment.
Field of view 2 cm, plane light (75DR03/I/6 ts 10). This section has been stained with
Feigl's Solution and Alizarin Red S and etched. B. Close up of part of the isopachous
cement shown in C. This photomicrograph shows the detail of the blocky spar that lines
the intraskeletal cavity of the coralline algae. Note the bladed precursor to the blocky
spar. The section has been stained with Feigl's solution and there is fibrous aragonite
(black) preserved in the lower right comer. The pore lining cement in this sediment was
efc
originally calcite but it has been mirr^cally replaced by dolomite. The algae is 
unaltered. Field of view 2.5 mm, plane light (75DR03/I/6 ts 10). C. Bladed pore lining 
cement in an early Middle Miocene (Zone N.8-N.9) rudstone. The pore lining nature 
of these formerly calcitic cements suggests they were precipitated in voids that were 
water filled. Field of view 2.5 mm, plane light (75DR03/5-B2-1). D. Pore lining 
cements showing the variation in crystal morphology that this phase of cement may 
exhibit around a single pore space. The cement is poorly developed along the left hand 
side of the pore where the substrate is micrite, has a blocky or granular form on the 
algae at lower left but becomes bladed to the right on the same grain whereas it has a 
mixture of forms on the bryozoa that occupies the right of the photo. The pore space 
was later filled by hemipelagic sediment. Field of view 2.5 mm, plane light 
(75DR03/V6).
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staining with Alizarin red S suggest that it was originally calcitic.
4.3.1.6 Apatite Crusts
The borings are often lined with multiple generations of apatite crusts (Figs. 4.5 and 
4.6B). Those borings lined with apatite crusts, cross cut hemipelagic sediments of upper 
Miocene and lower Pliocene age and are, in turn, filled with hemipelagic sediments of 
latest Pliocene age. These relationships suggest that the apatite crusts were precipitated 
in mid Pliocene time.
4.3.1.7 Coarse Equant Spar
The last phase of cement in these sediments consists of a coarse, equant, calcite spar 
containing numerous inclusions (Figs. 4.6A, 4.6B & 4.6C). As this cement post-dates 
the apatite crusts that were deposited during the mid-Pliocene, it must have been 
precipitated during the Late Pliocene to Holocene. Individual crystals are up to 300 pm 
wide. The spar either fills or partially fills the cavities, some of which are lined with 
either apatite or manganese crusts.
4.3.1.8 Dolomitization
All the Early to Middle Miocene samples have been dolomitized to some degree. The 
nature and, where possible, the timing of the dolomitization is described in the 
following section. Here the dolomites are described using the nomenclature and 
classification of Sibley and Gregg (1987).
Dredge Samples
The limestones recovered by dredging are only partially dolomitized and, because the 
dolomitization is not fabric destructive, they have a more complete stratigraphic history 
preserved. This good state of preservation of the cements in the dredge samples, when 
combined with age information from the cavity filling hemipelagic sediments, enables 
constraints to be place on the timing of some of the phases of dolomitization. The Sr 
dating of some of the samples from Site 816 (McKenzie, Elderfield and Isdem, in 
press) dates the dolomites from that part of the platform in which there are no other age
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Figure 4.5. A phase of phosphatisation in the Pliocene (probably during Zone N. 19/20 
time) led to widespread precipitation of apatite crusts which initially lined cavities and 
then episodically lined the residual space in a cavity as it slowly filled. Field of view 
2.5 mm, plane light (76DR2-1 ts 1)
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Figure 4.6. Deep marine spar. The last phase of cementation in the sediments dredged 
from the northern margin of the Marion Plateau consists of an equant calcite spar that 
fills or partially fills pores. This spar postdates the precipitation of apatite crusts and in 
some cases manganese crusts. A. Early-Middle Miocene floatstone that had numerous 
cavities formed by boring, dissolution and perhaps fracturing. The cavities have been 
lined with apatite or manganese and partly filled with micrite. The residual porosity in 
these cavities has been filled or partially filled by equant calcite spar. Note also that the 
fracture within the larger foraminifer on the right side of the photograph is filled with 
manganese and equant spar. Field of view 2.5 cm, plane light (76DR02-1 ts 1). B. 
Equant spar filling a small cavity lined with multiple layers of apatite. Field of view 1 
mm, plane light (76DR02/1 ts 2). C. Equant spar lining a cavity partly filled with 
manganese encrusted planktic foraminifer. Field of view 1 mm, plane light 
(76DR02/5).
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control.
Dolomitization in these rocks is selective and tends to be fabric-retentive. Dolomite 
has mimjlcally replaced all cements that have either LMC relics or are interpreted to 
have been LMC based on their morphology. Most calcitic bioclasts, however, such as 
larger benthic foraminifers coralline algae, and bryozoans were not dolomitized. 
Similarly much of the micrite remains LMC. Some of micrite has been partially 
replaced and has, in places, dolomite rhombs scattered through it (Fig. 4.7A). The 
mimic replacement of the calcitic cements by dolomite has occurred with great fidelity, 
and the cements generally retain their original morphology (Figs. 4.2B and 4.4). Only 
the dolomite in some of the Halimeda and within the micrite shows planar crystal 
structures (Fig. 4.7B).
Upper Miocene-Pliocene Floats tone
During the dredging of the MP2 platform, Upper Miocene to Pliocene floatstones 
consisting of Lower-Middle Miocene lithoclasts in a matrix of foraminifer-rich 
hemipelagic sediment were recovered (Fig. 3.6). The diagenetic history of these rocks 
is briefly described here because it provides clues about the timing and nature of some 
of the dolomitization that has occurred. The lithoclasts contain all the cements that were 
precipitated prior to the deposition of the hemipelagic sediments which, in these rocks, 
form the matrix. Some of the clasts have been dolomitized suggesting that they were 
dolomitized before being eroded. The rock has also been fractured and bored. Both 
types of voids have a complex fill that consists of apatite crusts and scattered 
manganese crusts, with interlayered planktic foraminifer-rich hemipelagic sediment and 
late-stage equant spar cement.
4.3.2 ODP SITES
The Middle Miocene samples recovered from MP2 at Sites 816 and 826 have the 
same cements as dredge samples, except for the apatite crusts and late stage equant 
spar. Although containing many cavities of various origins none of the cavities are 
filled with hemipelagic sediment. Consequently the age control on the development of 
the various phases of diagenesis is more difficult to establish. In these rocks
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dolomitization is the most pervasive diagenetic process.
4.3.2.1 Site 816
Middle Miocene floatstones from the top 10 m of the shallow platform have been
partially dolomitized. This dolomitization was selective and generally fabric-retentive.
Bioclasts have been selectively dolomitized. All former aragonitic bioclasts have been
dolomitized, whereas original calcitic bioclasts (such as larger benthic foraminifer,
coralline algae and bryozoans) are unaltered. The micrite matrix is not dolomitic. The
dolomite that now occurs in bioclasts that were originally aragonitic (such as
Halimeda) is fabric destructive and consists of a planar-s mosaic. Former calcitic
cements have been min^ically replaced and some voids are lined with a rim of planar-s
dolomite (Fig. 4.8A-D). The remainder of Unit III and all of Unit IV are totally
dolomitized with increasing fabric destruction downhole. The matrix in these rocks is
completely replaced and consists of polymodal planar-s dolomite (Fig. 3.19). Bioclast
preservation varies both within an individual sample and downhole. In Unit III, many
eF
of the original bioclasts have been simply miirljcally replaced: however, deeper in tire 
section this dolomite replacement has progressively destroyed tire fabric of the bioclasts 
until the rock consists of angular fragments of coralline algae in a polymodal planar-s 
matrix (Fig. 3.19C).
The dolomitization process appears to have created considerable new porosity. In 
some samples, this porosity has been measured at up to 40% (Amdel, unpublished 
report, 1991)(Fig. 4.9A & 4.9B). In the above descriptions it has been assumed that the 
highly dolomitized rocks had the same diagenetic history as the samples from higher up 
in the section, although this assumption cannot be proved for many of the samples 
because the original fabric of many of the samples has been totally destroyed. However, 
some samples retain the relic cement textures that suggest that this assumption is valid.
4.3.2.2 Site 826
Samples recovered from Site 826 are generally less dolomitized. Fabrics are usually 
preserved and the dolomitization is selective. In most rocks some relics of the original
e+
cements have been preserved. The bioclasts have been selectively and miniically
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Figure 4.7. A. Dolomite rhombs in the matrix of a partially dolomitized Middle 
Miocene floatstone. Etched and stained with Alizarin Red S. Field of view 1.0 mm, 
plane light (75DR03/I/6 ts 10). B. Planar-euhedral dolomite rhombs replacing 
neomorphic calcite in Halimeda. The preservation of the original texture of the 
Halimeda suggest that the aragonite was neomorphosed to calcite before 
dolomitization. The micrite that usually fills and preserves the utricles in Halimeda has 
been dissolved and the mold has dolomite crystals scattered along the micrite envelope. 
Etched and stained with Alizarin Red S. Field of view 1.0 mm, plane light (75DR03/I/6 
ts 10).
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Figure 4.8. Isopachous cavity-lining dolomite rim cement. A. Complex rhodolith with 
many large cavities all of which are lined with dolomite rims. The sediment is totally 
dolomitized with both the bioclasts and matrix mimjcally replaced. Field of view 2.1 
cm, crossed polars (133-816A-14X-1 50-51). B. Closer view of the lower centre area of 
A showing the dolomite rims lining cavities. Utricle preservation in the Halimeda 
suggests that it has been neomorphosed from aragonite to calcite and then to dolomite 
with fabric preservation through each phase. C. Overview of doLpmite rims on the 
micrite envelopes and micrite cast of a coral. The micrite is mirrjically replaced 
dolomite. Note the very high porosity (estimated as approximately 25-30%). Field of 
view 0.8 cm, plane light (133-816C-11R-1 38-43). D. As for part C with crossed polars 
showing the extent of cavity lining dolomite rims. Note that nearly every surface has a 
lining of dolomite. Field of view 0.8 cm.
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Figure 4.9. Dolomitization of the Middle Miocene sediments of the northern Marion 
Plateau has been accompanied by extensive dissolution and the development of 
porosity. A. Overview^of totally dolomitized floatstone in which the bioclasts and the 
matrix have been musically replaced. Extensive dissolution has produced vuggy, 
interparticle, intraparticle and moldic porosity. Field of view 2 cm, plane light (133- 
826A-4R-1 16-18). B. Closer view of some of the moldic and vuggy porosity that 
appears to have accompanied dolomitization. Field of view 0.8 cm, plane light (133- 
826A-4R-1 16-18). These examples come from a porous layer that is sandwiched 
between rocks of considerably less porosity that are far less dolomitized. They may 
therefore be indicative of an unconformity within the section. The sediments above and 
below this level are the same age within the resolution of the biostratigraphy of these 
sediments.
120
4.9A
4.9B
121
replaced. All the former aragonitic bioclasts have been dolomitized whereas the 
original calcitic bioclasts have remained unaltered, although some have been partially 
replaced. The micrite matrix has only been partially replaced. This pattem of 
dolomitization is identical to that in the top part of the platform at Site 816. Some 
samples have been completely dolomitized and have textures similar to those described 
above for the deeper parts of the platform at Site 816.
4.3.3 OTHER PROCESSES
4.3.3.1 Micrite Envelopes
The development of micrite envelopes is comparatively rare. Where they occur, they 
have formed on Halimeda, brachiopod, and gastropod fragments (Fig. 3.19A). The 
original material in most of these bioclasts either has undergone dissolution and the 
mold has been filled with blocky spar, or has neomorphosed to calcite or been replaced 
by dolomite.
4.3.3.2 Formation of moulds
Moldic porosity is common, having formed as a consequence of the dissolution of the 
aragonitic skeletons of corals, gastropods, and bivalve fragments.
4.3.3.3 Cavities
Dissolution cavities
One of the dredge samples contains a cavity approximately 10 cm across. The edge of 
the cavity is highly variable, in that, some of the bioclasts are preserved and protrude 
into the space, whereas others are truncated. The wall of the cavity is lined with a 
dolomitic bladed cement. The cavity, part of which is shown in Figure 3.3, has been 
filled with hemipelagic sediment of Late Miocene (Zone N.17) age. The cavity which is 
interpreted as a dissolution cavity formed during the early Late Miocene as 
consequence of subaerial exposure.
Borings
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In some of the dredge samples there are at least three generations of crosscutting 
boring's, two of which have been filled with foraminifer-rich hemipelagic sediment, 
while the third and youngest, is unfilled (Fig. 3.4). The cavity filling wackestones are 
Late Miocene (N.17, N.17B), Early Pliocene (N.18, N. 19/20), Late Pliocene (N. 19/20- 
N.21), and post N.19/20-N.21 in age. Some of the cavities appear to have been 
modified by dissolution processes in that they are somewhat irregular in shape (Fig. 
3.4B) and are not smooth walled.
Fractures
Some of the dredge samples also have fractures that have been healed or filled, 
usually with a mixture of hemipelagic sediment, apatite crusts, manganese oxide crusts, 
and equant spar (Fig. 3.6).
4.4 CEMENT STRATIGRAPHY AND INTERPRETATION
The interpretation of the cements described above is based on their morphology, their 
relationship to each other, and to the cross cutting events.
Botryoidal aragonite (Fig. 4.1 A, B) and isopachous fibrous rim cement (Fig. 4.2A, B) 
are both characteristic of wann water shallow marine phreatic diagenetic environments 
(Bathurst, 1975; Bricker, 1971; Longman, 1980; James and Choquette, 1983; J. F. 
Marshall, pers. comm., 1989). Micrite envelopes are also thought to form in this 
environment. The precipitation of the isopachous fibrous cement prior to the deposition 
of peloidal micrite matrix (Fig. 4.2B) is further evidence for its marine origin. The 
precipitation of these cements occurs soon after, if not contemporaneously, with 
deposition of the bioclasts and, therefore, it can be assumed that these cements were 
precipitated during the late Early to Middle Miocene.
The LMC-bladed pore linings and granular to blocky cements (Figs. 4.4), along with 
the development of dissolution cavities and moldic porosity are considered to be 
indicative of meteoric processes (Bathurst, 1975; Longman 1980; James and Choquette, 
1984). The calcitic cements have been interpreted as having formed in a freshwater 
phreatic environment because they are generally bladed, pore lining, and exhibit neither
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the meniscus nor the gravitational textures that characterise the freshwater vadose 
environment. Many of the syntaxial overgrowths (Fig. 4.3A) on echinoid fragments 
may also have developed in the meteoric environment.
Alternatively it could be argued, that, on textural grounds alone, these cements were 
precipitated in bathyal cold-water environment below the thermocline. Schlager and 
James (1978) pointed out that diagenesis in this environment follows a similar path to 
that of freshwater diagenesis. However there are several reasons for rejecting this 
interpretation. These cements were deposited during the Late Miocene when other 
evidence, such as the age of the unconformity at the top of MP2, the deposition of 
neritic sediments on the slope during late Middle Miocene time (Shipboard Scientific 
Party, 1991a, b) and the development of MP3 in lowstand position, all suggest that 
MP2 was subaerially exposed due to a relative fall in sea level (Pigram et al., 1992).
The top of the plateau was not reflooded until Early Pliocene time. The presence of 
neritic Late Miocene (N.17) sediments overlain by bathyal Late Miocene (N.17) to 
Pleistocene sediments at Site 815, when combined the Pliocene age for the oldest 
bathyal sediments at Sites 816 and 826 on top of the plateau, suggests that the MP2 
platform was progressively transgressed during the Late Miocene and Early Pliocene.
This evidence supports the interpretation of the second phase of cementation and the 
formation moulds and dissolution cavities as products of meteoric diagenesis.
The last phase of cementation involved the precipitation of apatite and manganese 
oxide crusts, and equant calcite spar. The apatite and manganese crusts are indicative of 
sediment starved marine environments. The late stage equant spar cement that occurs in 
these rocks could be interpreted as either a meteoric cement or as an upper bathyal cool 
water cement.
The samples containing this cement were recovered from water depths of over 500 m 
and the cement always postdates deposition of some of the Pliocene hemipelagic 
sediment, and the apatite and manganese crusts. It was precipitated after MP2 was 
drowned and, therefore, these samples have always been in bathyal water depths since 
the lower Pliocene. Its association with marine crusts and the timing of its precipitation 
strongly suggest that this cement was precipitated in an upper bathyal cool water
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environment.
Freeman-Lynde et al. (1986) and McClain et al. (1988) have reported an equant spar 
cement from Cretaceous limestones of the Bahamas that they attribute to precipitation 
from cold marine waters. Their interpretation is supported by isotopic data. The equant 
spar in the upper Miocene-Pliocene limestones resembles, petrographically, the cold- 
water marine spar described by Freeman-Lynde et al. (1986) and McClain et al. (1988). 
Furthermore the interpretation of this cement as a product of meteoric processes 
requires the platform to have been exposed during the Pliocene-Pleistocene when all 
other evidence suggests the top of the plateau was at upper bathyal depths beyond the 
influence of sea-level fluctuations during this period. The subsidence and flooding 
history of the plateau as deduced from the stratigraphy encountered in the drill holes 
would appear to preclude a meteoric origin for this equant spar cement.
In the absence of isotopic data the interpretation of this cement as having formed as a 
precipitate from cool marine waters is more consistent with the observation that it is a 
very late stage cement occupying pore space that was already lined with apatite or 
manganese crusts, and in sediments that were most likely in bathyal water depths 
throughout the Plio-Pleistocene. Furthermore, James and Choquette (1983) argued that 
arrested sedimentation and prolonged exposure to seawater may be prime requisites for 
the precipitation of calcite spar in the cool, deep-marine environment. The presence of 
apatite crusts separating thin layers of deep-water micrite argues for, and the nature of 
the scaip from which these samples were dredged, suggests, that this part of the 
northern margin of the plateau was sediment-starved at the time of precipitation of the 
equant spar, thereby supporting the argument for a deep-marine origin for this cement.
4.4.1 Timing of Dolomitization
A minimum age for the timing of the dolomitization can be determined from cement 
stratigraphy because the sediments have a sequence of upper Miocene and younger 
hemipelagic sediments filling crosscutting cavities and the residual porosity. Three 
phases of dolomitization occur in the samples dredged from the northern margin of the 
Marion Plateau:
125
1) A floatstone dredged from the northern flank of the plateau consists of dolomitized 
Early to Middle Miocene lithoclasts in a planktic foraminifer rich, Late Miocene matrix 
(Fig. 3.6). This relationship suggests that the lithoclasts were dolomitized before they 
were eroded and buried, possibly during the Middle Miocene.
2) All of the cements that line cavities that have been filled by hemipelagic sediments 
are dolomitized. This relationship suggests a second phase of dolomitization occurred 
during the Upper Miocene to Lower Pliocene after the precipitation of the freshwater 
cements and either before or during the reflooding of the plateau that led to the infilling 
of the residual porosity with uppermost Miocene and Pliocene hemipelagic sediments.
The results of Sr isotope age dating of dolomitized samples from 816 appear to 
support the interpretation of a dolomitization event as the platform was reflooded.
Three samples from the top 200m of MP2 give ages 5.1, 5.17 and 5.42 My, and a 
fourth has a range of 8.0-5.5 My (McKenzie, Elderfield and Isdern, in press). The ages 
that cluster around 5 million years are little older than oldest sediments deposited 
during the transgression of the plateau at this site and the 8.0-5.5 Ma range is consistent 
with the time range of the transgression as implied from the stratigraphy at Site 815, 
and from the age range of the hemipelagic sediments that fill cavities in the dredge 
samples; and
3) The final phase of dolomitization occurred during or after the Late Pliocene 
because most of the bioclasts in the hemipelagic sediments that were dredged from the 
northern slope of the platform are mi 
of dolomitization occurred in a cool-water upper bathyal environment.
In summary at least three major phases of dolomitization appear to be preserved in 
the samples recovered from the northern slope of the Marion Plateau by dredging: a 
Middle Miocene phase; a latest Miocene phase (apparently related to reflooding of the 
plateau); and a Pliocene phase, which has occurred in a cool-water environment (Fig. 
4.10).
fiscally dolomitized. This suggest that this phase
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Figure 4.10. Summary table of the timing of the major diagenetic events that have 
affected the Early to Middle Miocene shallow water carbonate sediments of the Marion 
Plateau.
127
4.5 SUMMARY OF THE CEMENT STRATIGRAPHY
The diagenetic history of the sediments recovered from the Marion Plateau shows that 
the lithification of the sediments was achieved through a complex series of processes 
which are summarised in Figure 4.11.
The Early - Middle Miocene shallow-water sediments passed from a shallow marine 
environment to a meteoric environment, where they were exposed for at least 7 My., 
and then back into a marine environment, which quickly became a deep-marine 
environment with upper bathyal paleowater depths (Shipboard Scientific Party, 1991a, 
b).
The initial sediment is assumed to have consisted of bioclasts, with a grainstone or
rudstone texture (Fig. 4.11 A). In the shallow-marine setting these sediment were
cemented by isopachous rim cements, and some cavities filled by botryoidal aragonite
(Fig. 4.1 IB). A peloidal micrite and micrite matrix was also deposited. Micrite
envelopes were formed (Fig. 4.1 IB). The sediments were then exposed to meteoric
diagenesis during the late Middle Miocene and Late Miocene or Pliocene (Zones N.10-
12 to N.17 or N. 19/20), depending on their position within the platform. This led to the
neomorphism of most of the aragonite and HMC to calcite and the development of
moldic porosity by dissolution of aragonitic bioclasts, such as gastropods (Fig. 4.11C).
Then followed the precipitation of calcitic cement, including syntaxial overgrowths,
bladed to granular pore lining spar and pore filling blocky or equant spar (Fig. 4.1 ID).
These last two phase were probably contemporaneous and should not be separated in
time. During the period when the plateau was exposed, vuggy porosity developed, and
the platform eroded. As the platform was reflooded from the Late Miocene, several
different processes were active, depending on the location of the rocks within the
el-
platform. On the outer edge of the platform, the calcitic cements were mirdjically 
replaced by dolomite (Fig. 4.1 IE). This was followed by, or occurred concurrently 
with, the deposition of wackestone in most of the residual pore space (Fig. 4.1 IF). This 
wackestone subsequently was dolomitized, probably during the Pliocene (Fig. 4.1 II). 
During the latest Miocene and Pliocene, these rocks were bored (Fig. 4.11G). At least 
three generations of borings can be seen. The two oldest phases of borings
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OBSERVATION INTERPRETATION TIMING
botryoidal aragonite
fibrous isopachous rims (HMC or 
aragonite)
peloids
micrite
micrite envelopes
marine phreatic
Early
to
Middle
Miocene
blocky spar freshwater
neomorphism vadose Middle
syntaxial overgrowths 
isopachous porelining LMC 
pore filling blocky spar
freshwater
phreatic
to
early Late 
Miocene
dolomitization ?
borings - several generations
phosphatic crusts in borings 
manganese crusts, coatings, stains
deep
marine
Late
Miocene
to
dolomitization (?ongoing) phreatic
Pleistocene
coarse blocky spar
manganese crusts, coatings, stains
borings
manganese crusts
Holocene
HMC = high magnesium calcite LMC = low magnesium calcite
Table 4.1: Summary of the cement stratigraphy of the MP2 platform.
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Figure 4.11. Summary diagram of the diagenetic history of the Early to Middle 
Miocene shallow water carbonate sediments of the Marion Plateau. Throughout the 
figure the new phase of cement or change in mineralogy is shown as the darker shade 
of the appropriate colour. This mainly applies to the Low Magnesium Calcite (LMC) 
and dolomite phases.
A. Early-Middle Miocene. Initial sediment with a packstone or rudstone texture and 
consisting of bioclasts with differing mineralogy.
B. Early-Middle Miocene. Shallow marine phreatic cements precipitated including 
isopachous fibrous aragonitic or HMC rims, botryoidal aragonite in intraskeletal 
cavities or the conceptacles of coralline algae, and micrite including peloidal micrite. 
Micrite envelopes also developed at this time.
C. Middle-Late Miocene. Subaerial exposure. In the vadose zone most of the aragonite 
and HMC converted to calcite although some botryoidal aragonite survived. Syntaxial 
overgrowths developed on echinoid fragments and moldic porosity was formed.
D. Middle and Late Miocene. Meteoric phreatic zone. Precipitation of calcitic 
isopachous pore lining and pore filling cements, ?further syntaxial overgrowths and 
neomorphism. By the end of this phase the sediment is almost entirely calcite. Erosion 
of the platform occurred at this time also and clasts of the limestone were deposited in 
front of the platform along its northern edge (see H). Some dolomitization may have 
occurred during exposure of the platform.
E. ?Late Miocene. There is a phase of selective, dolomitization in which all the LMC
Or
cements were mimically replaced prior to or during the deposition of the wackestone in 
the residual pore space (see 1 IF). The calcitic micritic matrix and the originally calcitic 
bioclasts such as larger foraminifer were unaltered at this stage of dolomitization. See 
text for discussion.
F. Late Miocene - Pliocene. Plateau reflooding. A relative rise in sealevel during the 
Late Miocene eventually lead to the reflooding of the plateau during the Early Pliocene. 
As a consequence most of the residual porosity of the sediments along the northern 
slope of the plateau were filled with planktic foraminifer wackestone.
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Figure 4.11 continued
G. Pliocene. During the Pliocene these rocks were subjected to multiple phase of 
boring. At least 3 generations of excavations can be recognised from crosscutting 
relationships and the age of the wackestone fill. Some of the excavations are lined with 
apatite or manganese crusts and subsequently filled with blocky calcitic spar that is 
interpreted as being a deep marine phreatic precipitate.
H. Pliocene. Clasts of partially dolomitized Early to Middle Miocene rudstone were 
buried by Pliocene wackestone to form Pliocene floatstone.
I. Pliocene. The floatstone was mimjically dolomitized.
J. Pliocene. Some of the Pliocene dolomitized floatstone were fracture or bored and the 
cavities subsequently filled with a mixture of hemipelagic sediment, apatite and equant 
calcite spar.
K. & L. ?Late Miocene-Quaternary. The sediments of the platform that were drilled 
by ODP have the same Early to early Late Miocene history as the dredge samples but 
then have a different Late Miocene to Recent diagenetic history. They show the effects 
of complete dolomitized with varying degrees of fabric preservation. L. In the 
dolostone with least fabric preservation only red algae fragments along with ghosts of 
other bioclasts survive in a polymodal planar dolomite matrix.
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usually are lined with multiple generations of apatite crust that separated phases of 
wackestone deposition (Fig. 4.11G). In the Late Pliocene or Pleistocene, the residual 
porosity was filled or partly filled with equant spar of cool marine-water origin (Fig. 
4.11J).
The sediments of the platform at Sites 816 and 826 were dolomitized after the 
formation of the meteoric cements during the late Middle or early Late Miocene. This 
dolomitization ranged from fabric-retentive, selective dolomitization to fabric- 
destructive dolomitization that led to almost complete replacement and recrystallization 
(Fig. 4.1 IK and 11L). The dolomitization process in these sediments also created new 
porosity's in the form of vugs and intercrystalline voids.
4.6 QUATERNARY FLOATSTONE
This rock consists of aragonitic and calcitic bioclasts in a partly peloidal micrite 
matrix. The HMC rims around each peloid (Fig. 4.12) have been neomorphosed to 
LMC. The coral and gastropod bioclasts are still aragonitic and have isopachous rim 
cements (Fig. 4.13) that were formerly HMC and are now LMC.
4.7 SOUTHERN MARION PLATEAU
Samples from the southern Marion Plateau were recovered by dredging a scarp on the 
northern edge of the MP3 platform and some low relief mounds just to the north of the 
scarp.
4.7.1 LATE MIOCENE RHODOLITH FLOATSTONE AND PLIOCENE 
CONDENSED SECTION
The rock from the slope of MP3, exhibit^ number of cement phases each of which is 
described below.
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Figure 4.12. Peloidal mud in Late Pliocene floatstone from the northern edge of the 
Marion Plateau. A. Peloidal mud showing HMC rim cements on the peloids. Field of 
view 2.5 mm, plane light (76DR04). B. Close up of HMC rim cements on peloids. 
Field of view 1 mm, plane light (76DR04).
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Figure 4.13. Isopachous marine cement on a coral in Late Pliocene floatstone. A. 
Overview of isopachous marine ?HMC cement lining an intraskeletal cavity of a coral. 
Note the well developed layer of micrite between the cement and the coral wall. Field 
of view 2.5 mm, plane light (76DR04). B. Close up view of the marine ?HMC cement 
shown above. Field of view 1 mm, plane light (76DR04).
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4.7.1.1 Botryoidal aragonite.
This cement consists of radiating clusters of needle-shaped crystals which formed 
botryoids in the conceptacles and intraskeletal cavities of coralline algae. The needles 
are up to 10 microns across and 100 microns long and are now mainly dolomite. The 
original habit of the clusters is well preserved despite dolomitization. The common 
intraskeletal occurrence, acicular nature of individual crystals and their tendency to 
form radiating clusters are all characteristics of early diagenetic aragonite cements 
formed in a shallow marine phreatic environment (Longman, 1980; James and 
Choquette, 1983; J. F. Marshall, pers. comm., October 1989).
4.7.1.2 Isopachous Fibrous to bladed rim cements
Some of the bioclasts and the intraskeletal cavities of the bioclasts are lined by an 
isopachous rim cement that varies in habit from fibrous to bladed (Fig. 4.14). In some 
instances the cement only occurs on one side of a bioclast that is surrounded by micrite 
so that it resembles a syntaxial overgrowth that has developed by neomorphism of the 
micrite. These cements are now dolomite.
4.7.1.3 Blocky spar
In some of the intraskeletal cavities the isopachous rim cements are followed by a
ef
blocky spar (Fig. 4.15) that has been min^ically replaced by dolomite.
4.7.1.4 Syntaxial overgrowths
Syntaxial overgrowths on echinoid fragments are common (Fig. 4.16). They 
invariably appear to have formed by the neomorphism of the surrounding micrite. In 
one sample the syntaxial overgrowth appears to be growing simultaneously and 
competing for space with an equant spar cement (Fig. 4.16B & C). The overgrowths are
dolomitized.
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Figure 4.14. Rim cements from the Late Miocene floatstone dredged from the northern 
edge of the MP3 platform. A. Isopachous fibrous cement lining the test walls of a 
planktic foraminifer. Field of view 1 mm, plane light (76DR09 1A1-2). B. Isopachous 
fibrous cement lining a ?coral fragment. Field of view 1 mm, plane light (76DR09-2-
( D ) .
140
4.14B
141
Figure 4.15. Foraminifer tests filled with two generations of spar that are now
e-4
dolomitized. The initial phase is bladed and radiating and has been miir^cally replaced 
by dolomite. The habit suggests that it may have been botryoidal aragonite. The second 
phase is blocky spar which has completely filled the pore space. The blocky or equant 
phase of spar may be deep marine cement whereas the initial bladed ?aragonitic cement 
may have been deposited in a shallow marine environment. Field of view 1 mm, plane 
light (76DR09 1A1-2).
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4.16A
Figure 4.16. Syntaxial overgrowths on echinoderm fragments in a Late Miocene
c4-
floatstone dredged from MP3. The calcitic cements in this sediment are ininj^cally 
dolomitized. A. Field of view 1 mm, plane light (76DR09-3). B. Syntaxial overgrowth 
on echinoderm fragment adjacent to a cavity. Note that the grains of equant spar 
adjacent to the echinoderm fragment are in optical alignment with the echinoderm 
fragment and the syntaxial overgrowth. These grains are therefore a second generation 
of syntaxial overgrowth that has precipitated at the same time as the equant spar 
suggesting that syntaxial overgrowths may occur in a deep marine environment. Field 
of view 1 cm, plane light (76 DR09-3). C. as above in B, crossed polars.
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4.7.1.5 Equant spar
The last cement to be precipitated is an equant spar which fills or partially fills tire 
residual porosity in the rock (Fig. 4.17). This spar cement is characteristically equant, 
inclusion rich and partially dolonritized. The spar is identical in its habit and occurrence 
to that described from the sediments from the northern margin of the plateau and 
ascribed to a deep marine origin.
4.7.1.6 Apatite and manganese crusts
The condensed section that has formed on this sediment has numerous anastomosing 
apatite crusts that separate small lenses of planktic foraminiferal wackestone (Fig.
4.18). Individual foraminifer are encrusted in some places within the condensed section 
(Fig. 4.18C). Some cavities have an irregular manganese crust also.
4.7.1.7 Dolomitization
The Late Miocene rocks from MP3 have been partially and selectively dolomitized 
and their fabrics retained. The principal components of the sediment that have been 
replaced include all of the calcitic cements (including those that are assumed to have 
formed by neomorphism of aragonitic cements) and some of the bioclasts such as 
foraminifer, bryozoan, echinoid fragments and some coralline algae. Even the equant 
spar which is the last cement to form, is partially dolomitized indicating that 
dolomitization has either occurred late in the lithification process or episodically 
throughout the late Cainozoic.
4.7.1.8 Other Processes - Micrite
Micrite is common, postdates the cements described above and is still calcitic in 
composition in contrast to most of the cements which are dolomitized.
4.7.2 CEMENT STRATIGRAPHY AND THE ENVIRONMENTS OF 
PRECIPITATION
The sequence in which these cements were deposited is clear but their environment of
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Figure 4.17. Deep marine spar in samples from the Late Miocene to Pliocene platform 
(MP3). A. A complex cavity in Late Miocene floatstone that has been lined^vith an 
apatite crust and then filled with equant calcite spar that has since been mirrijically 
replaced by dolomite. Field of view 2.5 mm, plane light (76DR09-2 ts 1). B. A cavity 
partially lined with a manganese crust and filled with equant spar that has since been 
mimjcally replaced by dolomite. Field of view 2.5 mm, plane light (76DR09 1A2-1).
146
4.17A
4.17B
147
4.18A
Figure 4.18. Apatite crusts in the Pliocene condensed section that encrusts the upper 
surface of the Late Miocene floatstone from the MP3 platform. A. Multiple apatite 
crusts separating layers of planktic foraminifer wackestone. Field of view 2.5 mm, 
plane light (76DR09-1). B. Truncated surface on a polyspecific rhodolith that has been 
coated with multiple layers of apatite crust. The light areas of the rhodolith is an 
encrusting foraminifer Gypsina plana. Field of view 1 mm, plane light (76DR09-1). C. 
Apatite crusts coating foraminifer and other bioclasts in the condensed section. Equant 
spar fills the cavity lined with manganese along the lower left hand side of the photo. 
Field of view 2.5 mm, plane light (76DR09-1A2-1).
4.18C
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precipitation is unclear. The early cements, such as the botryoidal aragonite and the 
isopachous fibrous rim cements, are typical shallow water marine cements. This 
interpretation is consistent with the fact that these cements were precipitated prior to the 
micrite matrix. The apatite crusts and late stage equant calcite spar are interpreted as 
being precipitated in a cool water marine environment using the same arguments as 
were used for identical cement from the northern edge of the plateau (see Chapter 4.4).
The presences of syntaxial overgrowths on echinoderm fragments might be used to 
argue for a period of meteoric diagenesis. However in the absence of other evidence for 
meteoric diagenesis the presence of the syntaxial overgrowths may be explained by 
another processes or in another way. Schlager and James (1978) have shown that deep 
marine diagenesis follows the same path as freshwater diagenesis. They have shown 
that calcite cement is precipitated in a deep marine environment and that very thin 
syntaxial overgrowths occur on echinoderm plates. Therefore an alternative 
interpretation for the development of the cements in these sediments is that it has taken 
place in a marine environment that has become deeper and/or cooler through time and 
that the syntaxial overgrowths on the echinoderm fragments have grown in a deep 
marine environment.
James and Choquette (1983) have suggested that special conditions may be required 
for the formation of deep marine calcitic cements. These conditions include arrested 
sedimentation and prolonged exposure to open seawater. The rocks recovered from this 
site provide ample evidence, in the form of a marine hardground and apatite crusts, that 
these conditions applied in this region during the period the syntaxial overgrowths and 
calcitic cements were precipitated. Furthermore the evidence of the syntaxial 
overgrowths apparently competing with the cool water equant spar for space (Fig.
4.16B & C) argues strongly for the overgrowths to be a product of deep marine calcite 
precipitation.
In the absence of isotope data it is not possible to prove that the syntaxial 
overgrowths and the equant spar are a product of deep marine diagenesis. However 
interpreting the cement stratigraphy as being entirely the product of marine processes is 
consistent with Late Miocene-Quaternary geological history of the plateau. Arguing for
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a period of meteoric diagenesis during the Pliocene would require a very large relative 
sealevel fall for which there is no other evidence.
4.7.3 PLEISTOCENE FLOATSTONE
This sediment dredged from the small mounds in the southern part of the plateau 
consists of large bioclasts in a peloidal mud matrix. The cements are entirely marine 
and consist mainly of peloidal micrite with HMC rims. Some incipient HMC 
isopachous rims have developed on the sides of grains not in contact with the micrite.
4.8 SUMMARY
The diagenetic history of the sediments recovered from the Marion Plateau shows that 
the lithification of the sediments has been achieved through a complex series of 
processes. The Early - Middle Miocene shallow water sediments have passed from a 
shallow marine environment to a meteoric environment where they were exposed for at 
least 7 My, and then back into a marine environment which quickly became a deep 
marine environment with upper bathyal palaeowater depths. The Late Miocene 
sediments from the MP3 platform may have stayed in a marine environment throughout 
their history but subjected to deep marine processes producing a marine hardground 
overlain by a Pliocene phosphate-rich condensed section. The cement stratigraphy 
provides information on the timing of exposure of MP2, the timing of phosphatisation 
and an indication of the subsidence history of the plateau.
4.8.1 TIMING OF EXPOSURE
ODP drilling on top of the MP2 platform intersected an unconformity that ranges 
from late Middle Miocene to Early Pliocene (Zone N.10/12 to Zone CN.ll) in age, a 
period of approximately 7-10 My. The diagenetic history of the shallow water 
carbonate sediments recovered from the MP2 platform shows that it has been subjected 
to meteoric processes and diagenesis.
The presences of extensive calcitic cements (both the pore lining and pore filling 
blocky spar), neomorphism, syntaxial overgrowths and vuggy and moldic porosity are
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all evidence for the MP2 platform having been subject to meteoric diagenetic processes. 
The cement stratigraphy of the dredge samples show that the meteoric diagenetic 
processes occurred after the deposition of marine phreatic cements in the Early and 
early Middle Miocene and before the deposition of Late Miocene and Pliocene 
hemipelagic sediment in the residual pore space. The cement stratigraphy therefore 
suggests that the platform was exposed from the late Middle Miocene to the Latest 
Miocene (N.10/12-N.17). This is a similar, though shorter period than represented by 
the unconformity intersected by the ODP holes on top of the platform. There are two 
likely reasons for this difference in age of the unconformity in the dredge samples and 
that at the top of the platform:
i) the dredge samples were recovered from the slope of the platform where they were 
drowned before the top of the platform or;
ii) the dredge samples are not in situ and may have been transported down the slope 
into a marine environment while the top of the platform remained exposed.
The diagenetic history and cement stratigraphy show that the MP2 platform was 
exposed from the late Middle Miocene until the Early Pliocene due to a relative fall in 
sealevel which produced a sealevel lowstand of 7-10 My duration relative to the top of 
the MP2 platform. This exposure, which caused the demise of the platform, produced 
an erosional unconformity separating the platform from the overlying hemipelagic 
sediments.
4.8.2 TIMING OF PHOSPHATISATION
Most of the dredge samples from both the MP2 and MP3 platforms contain a phase of 
phosphatisation which occurs late in the cement stratigraphy. The phosphatisation takes 
the form of apatite crusts and often encrusts lenses of hemipelagic sediment containing 
planktic foraminifer which allow it to be dated. In the samples from the northern 
plateau the apatite both occurs with and post dates sediments of N. 19/20 age. The 
condensed section from the Southern Marion Plateau contains apatite crusts intimately
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associated with planktic foraminiferal wackestone of Zones N.19 to N.21 age.
Based on this evidence it would appear that the precipitation of apatite crusts 
occurred throughout the Early and early Late Pliocene.
4.8.3 SUBSIDENCE REGIME
The cement stratigraphy of the samples from the northern Marion Plateau lends 
support to the proposal discussed above in the summary of the lithofacies that the 
plateau has undergone an Early Pliocene subsidence pulse. The Early- Middle Miocene 
sediments are all shallow water facies with shallow marine cements which were 
exposed during the late Middle Miocene and Late Miocene. The Pliocene sediments 
and cements (apatite, deep marine spar) are all deep water and are consistent with the 
plateau subsiding rapidly to upper bathyal depths during the Pliocene.
4.9 DISCUSSION
A preliminary outline of the geological history of the plateau can be established from 
the sedimentary and diagenetic history contained in the rocks recovered from the 
plateau.
Although it is not known when the plateau was first flooded, the MP2 platform had 
been initiated by late Early Miocene time (N.7-N.8). It had chlorozoan affinities 
indicating that the plateau was bathed in wann surface waters. The platform continued 
to grow during the Middle Miocene until a relative fall in sealevel exposed it causing its 
demise. During the late Middle Miocene (N.12) neritic lowstand carbonate sediments 
were deposited on the northern slope of the plateau. The MP2 platfonn was exposed 
throughout the Late Miocene. By latest Miocene (N.17A) shallow neritic sediment was 
being deposited on the inner northern slope of the plateau whereas in the south a 
shallow water platform (MP3) had been established.
The top of the MP2 platform and consequently the entire plateau was reflooded in the 
Early Pliocene. In the northern area this reflooding was accompanied by an influx of 
fine grained terrigenous detritus. This influx of terrigenous sediment probably lead to 
an increase in turbidity and therefore a deterioration in the water quality preventing the
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re-establishment of the shallow water carbonate platform along the northern part of the 
plateau. A pulse of subsidence in the Early Pliocene rapidly carried the top of the 
plateau to upper bathyal depths removing it from the photic zone and eliminating any 
further opportunity for the initiation of an additional phase of shallow water platform 
development along the northern edge.
CHAPTER 5
CARBONATE PLATFORMS OF THE MARION PLATEAU - ARCHITECTURE AND
EVOLUTION
5.1 INTRODUCTION
Sampling has shown the Marion Plateau to be a complex carbonate province 
(Chapters 3, Davies, McKenzie, Palmer-Julson et ah, 1991) with several shallow water 
platform phases. This sampling is sparse, however, only limited material being recovered 
from MSB, MSC and MSD, in very restricted with areas.
Nevertheless by combining the facies information obtained from this sampling, 
information on the seismic character of the seismic packages, and an understanding of 
the major allocyclic and autocyclic controls on carbonate platform development in the 
northeast Australian region it is possible to interpret the environments of deposition of 
each of the megasequences and to deduce the probable rock types within the 
megasequences. It is then possible to examine the evolution of the Marion Plateau.
5.1.1 CARBONATE PLATFORM CONTROLS
In order to be able to interpret the evolution of the carbonate platforms on the Marion 
Plateau, it is necessary to first examine the major factors that control carbonate platform 
development, and to analyse their potential influence on the depositional regimes of the 
Marion Plateau through time. These controlling factors are: rifting, subsidence, plate 
motion, climatic variation, sealevel and palaeoceanography (Davies et al., 1989).
5.1.1.1 Rifting
Continental rifting determined the size and shape of the Marion Plateau, and on a more 
detailed scale, determined the location of features such as high-standing fault blocks. In 
general, however, the Marion Plateau has behaved as a single structural entity and most 
of it is not broken into fault blocks. The exceptions to this are, firstly, the pedestal to 
Marion Reef in the northeast comer of the plateau (which appears to have been a 
separate fault block) and secondly, the northern margin of the plateau adjacent to the
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Townsville Trough. The northern margin is broken into several compartments, separated 
by NNW-SSE trending transfer faults or accommodation zones (Fig. 5.1). The lack of 
structure on the Marion Plateau suggests that it is part of an upper plate margin and that 
the extension that has occurred took place in the lower crust and upper mantle (Chapter 
1.4).
5.1.1.2 Subsidence
Subsidence, through its interaction with sea level, determines the depositional space or 
accommodation that is available at any particular time and is therefore a major influence 
on how platforms evolve. The tectonic subsidence of the Marion Plateau basement 
appears to have subsided by about a 1000 m in the 25 My since it was first inundated in 
the Early Miocene. However, water depths similar to those at the present day were 
achieved in the Early Pliocene, when a subsidence pulse lowered the top of the plateau 
into upper bathyal water depths immediately after reflooding (Shipboard Scientific Party, 
1991). By backstripping the MP2 platform at the end of the Miocene it is possible to 
show that the tectonic component of plateau subsidence for the 20 My after the plateau 
was first flooded is 278 m (assuming a density of 2.29 for the cover sequence). This 
gives an average rate of 14 m/My for the tectonic subsidence which is low, and indicates 
that the crust beneath the plateau has undergone only a small amount of extension (see 
Chapter 1.4).
5.1.1.3 Plate Motion
Based on the analysis of hotspot traces (Duncan, 1981; and Wellman, 1983) and on 
palaeomagnetic studies (Idnurm, 1985a,b; 1986), Davies et ah, (1989) have shown that 
the marginal plateaus of northeast Australia have been carried almost directly northward 
since the Eocene. The Marion Plateau has been transferred across 26° of latitude in 
approximately 60 My (Fig. 5.2), from between 45- 49°S at the end of the
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Figure 5.1. Map of the Townsville Trough showing the orientation of the major 
extensional structures including transfer faults (from Symonds et al., 1987). Symbols 
are well locations: AO = Aquarious 1, CP = Capricorn 1, H = Heron 1, M = 
Michaelmas Cay 1, W = Wreck Island 1.
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Figure 5.2. Latitudinal movement of the Marion Plateau through the Cainozoic. The top 
of the envelope corresponds to 19°S and the base of the band 23°S (modified from 
Feary et al., 1991).
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Figure 5.3. Inferred surface water temperature variation envelope for the Marion 
Plateau. The envelope is derived from Feary et al., (1991) but adjusted so that the late 
Early to Middle Miocene wann water carbonate sediments of MP2 fall within the 
tropical zone.
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Paleocene to its present position of 23-19°S. Approximate palaeolatitudes for the 
northern and southern margins of the plateau at critical times throughout its evolution 
are listed in Table 5.1.
MARION PLATEAU PALAEOLATITUDE
PRESENT DAY : 19° - 23°S
LATE MIOCENE (10 My) : 25° - 29°S
OLIGOCENE/MIOCENE BOUNDARY (23.7 My) : 3 1 ° - 35°S
EOCENE/OLIGOCENE BOUNDARY (36.6 My) : 39° - 43°S
PALEOCENE/EOCENE BOUNDARY (57.8 My) : 45° - 49°S
Table 5.1. Palaeolatitude of the Marion Plateau during the Cainozoic.
This northward motion alone would have resulted in profound climate changes for the 
plateau through time. Feary et al., (1991) have shown, however, that the climate change 
was more complex, as a consequence of the thermal isolation of Antarctica and the 
closing of the equatorial seaway (Savin et al., 1975; Frakes, 1979; Kennett and von de 
Borch, 1985), both of which contributed to the development of boundary currents in the 
Pacific Ocean.
5.1.1.4 Palaeoclimate - Paleoceanography
One of the major factors affecting carbonate facies development is surface water 
temperature, and this directly reflects the ambient of climate. Surface water temperature 
can be inferred from oxygen isotope data and Feary et al., (1991) have used these to 
derive a Cainozoic surface water temperature envelope for the northeast Australia 
region. Figure 5.3 shows the variation in sea surface temperature for the latitudes of the 
Marion Plateau and incorporates the effects of both changing climate and northward 
plate motion. The climate during the Paleocene was cool, then warmed in the early 
Eocene and cooled again so that the late Eocene and Oligocene were entirely temperate. 
The coldest time was during the early Oligocene. A wanning trend started in the late 
Oligocene and continued through the Early Miocene. A second wanning trend during
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the Latest Miocene placed the northern margin of the Marion Plateau into a tropical 
regime by the Pliocene and there it stayed despite a cooling trend through the Late 
Pliocene. The southern part of the plateau became tropical for a short period in the 
Pliocene and then cooled again before entering a tropical regime in the Quaternary.
It must be stressed that this sea surface temperature curve is, in effect, a first order 
curve that does not describe short term variability. It is an averaged curve on which high 
frequency events would be superimposed if only they could be documented (Feary et al., 
1991). The curve was generated from wells drilled in open ocean settings and the data 
from these were then corrected uniformly by +2°C to allow for the effects of shallow 
and nearshore waters that were present throughout the northeast Australia region during 
most of the late Cainozoic. Thus the curve does not allow for local variations caused by 
warm currents, for example. With the thermal isolation of the Antarctic and the 
progressive development of latitudinal zonation from the Oligocene onwards (Kennett 
and von de Borch, 1985), major changes in ocean circulation patterns occurred and the 
major gyral system that dominates modem circulation patterns was initiated. Warm 
currents may then have swept southward across large shallow areas such as the 
Queensland Plateau and continued on to the Marion Plateau. Phenomena of this type 
could readily have distorted the gross regional trends in surface water temperature that 
the curve represents. It is interesting to note, however, that despite these complexities, a 
further correction of +1.5° C (i.e. a total correction of +3.5°C) would have allowed the 
successful prediction of the gross character of the platforms in the region as 
demonstrated by the results of the recent ODP drilling. For example, Sites 811/825 and 
824 on the western Queensland Plateau documented the change from cool water to 
warm water conditions during the Early Miocene (Davies, McKenzie, Palmer-Julson, 
1991; Brachen et al., in press), shown by a marked change in calcareous biota from a 
bryomol assemblage to a chlorozoan assemblage. The Marion Plateau's marginal 
position in terms of climate, particularly throughout the Miocene, should make it highly 
sensitive to variations in climate and this change should also be present on the Marion
Plateau.
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Isern et al. (in press) have suggested, based on an analysis of oxygen isotope data 
from sites on the Queensland Plateau to the north, that surface water temperatures 
ranged from 16- 19°C during the Upper Miocene. Most of the analysis for the Upper 
Miocene is based on one ODP site and the errors in this analysis are about 3-4°C.
Surface water temperatures of that order are marginal for warm water carbonate 
platforms and as the Marion Plateau was further south than the Queensland Plateau it is 
likely that surface water conditions would have been even less suitable for warm water 
platform development. The transition to the present day warm water conditions 
occurred in the Late Pliocene (Isern et al., in press).
Other physical and chemical oceanographic factors that will also exert an influence 
include the development of currents and increased ocean fertility. Increased productivity 
is indicated for the latest Miocene to Early Pliocene both by data (A. Isern, pers. 
comm., Sept. 1991) and coccolith abundance and size data (S. Gartner, pers. comm., 
Sept. 1991). These nutrient rich waters would have tended to inhibit the development of 
warm water carbonate platforms (Kinsey and Davies, 1979). Increased latitudinal 
thermal gradients during the Tertiary combined with the disruption of the strong 
equatorial current system by the northern edge of the Australian craton (Kennett et al., 
1985), led to the progressive development of the proto-East Australian current. This 
warm current, flowing southward along the eastern margin of Australia, would have 
begun to intensify from the Early Miocene. The continuing northward movement of 
Australia, the formation of the New Guinea Orogen (Pigram and Davies, 1987), and the 
closure of the Indonesian seaway during the Miocene would have further restricted 
westerly current flow and caused further diversion of wann tropical waters to the south.
In summary, this analysis of the palaeoceanography of northeast Australia during the 
Cainozoic suggests that pre Early Miocene carbonate platforms are likely to be cool 
water platforms and the change to wann water platforms would most likely occur in the 
Early Miocene. The Pliocene variations in surface water temperatures and nutrient levels 
suggests that the Marion Plateau may not have been suitable for wann water platform 
development.
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5.1.1.5 Sealevel Fluctuations
Sealevel change has a profound effect on the geometry of sedimentary packages 
(Payton, 1977), particularly through its interaction with subsidence. However, attempts 
to quantify eustatic sealevel changes through time are beset with many difficulties. 
Opinion ranges from those who believe it can be done (eg Vail et al., 1977; Haq et al., 
1987), to those who believe the task is impossible (Burton et al., 1987). Most features 
of the eustatic curve, published most recently by Haq et al. (1987), are disputed (see 
Chapter 6) but despite this there are several aspects of sealevel fluctuations that can be 
assumed to be applicable during the time that sedimentation was occurring on the 
Marion Plateau. From the Oligocene onward, the major forcing mechanism for sealevel 
fluctuations was the waxing and waning of the polar ice caps (Miller et al., 1987). 
Therefore the rates of change of sealevel rises and falls would have been at least an 
order of magnitude faster than the rates of subsidence (Pitman, 1978). The history of 
sedimentation on the plateau should therefore carry a strong sealevel derived signature. 
For the reasons outlined in Chapter 6, fluctuations in sealevel amplitudes of up to 100 m 
for third order cycles appear to be reasonable.
The conclusions derived from the analysis of the major controls on carbonate platform 
development together with the available sampling data, provide a powerful tool for 
defining the sedimentological development of the megasequences. In the following 
section the interpretation of each megasequence is outlined and discussed. The 
interpretation of the environments of deposition is summarised in Tables 2.1-2.5 and in 
the palaeogeographic maps for each megasequence (Figs. 5.4, 5.5, 5.9, 5.28 and 5.32).
5.2 FACIES INTERPRETATION
5.2.1 MEGASEQUENCE A (includes platform MP1)
MSA forms the basal part of the sag phase sedimentation in the Townsville and Cato 
Troughs, and it onlaps the edges of the Marion Plateau. During the time of deposition of 
MSA, the plateau was carried from approximately 49° to 45°S (at the beginning of the 
Eocene) to about 35°-31°S (at the end of the Oligocene). The plateau summit was
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exposed for most of this period and deposition was confined to the eastern and northern 
flanks. It is possible that the plateau was flooded towards the very end of MSA time (the 
earliest Miocene). The plateau generally experienced a temperate climate throughout 
MSA time, although during a warmer period in the Early Eocene the waters around the 
plateau may have experienced average surface water temperatures of up to 18°C. The 
coolest period occurred during the Oligocene (Fig. 5.3). Currents were probably 
sluggish during the early Paleogene but may have begun to intensify during the late 
Paleogene as latitudinal thermal gradients increased. The major sealevel event during 
this period was the mid Oligocene fall of the order of 100 -150m (Haq et al., 1987). 
Sealevel throughout the Paleocene, Eocene and early Oligocene was generally high, fell 
markedly in mid Oligocene and then began a punctuated rise until the Middle Miocene. 
The relative sealevel curve for the Marion Plateau through the Paleogene would most 
likely have been a slowly rising sealevel until the large fall at about 30 My followed by a 
punctuated but generally rising sealevel during the Late Oligocene and Early Miocene.
MSA generally onlaps basement, and it can be divided into an upper and lower part 
separated by a major unconformity. The lower part of MSA (seismic package Al in 
Table 2.2), is characterised by onlapping reflectors with 3 regions of prograding facies 
(seismic package A3) (Figs. 5.4 & 2.8). The upper part of MSA also onlaps the 
basement, but is characterised by the presence of broad low relief mounds (seismic 
package A4) (Fig. 5.6) along the eastern side of the plateau (Fig. 5.5).
5.2.1.1 Seismic Packages Al and A3
Package Al (onlapping, parallel to divergent reflectors that form a wedge shaped 
package along the northern and eastern slope of the plateau) is interpreted as consisting 
of siliciclastic floodplain to shelf and upper slope deposits. Three areas of prograding 
wedge-shaped packages (seismic package A3) are interpreted as point sourced 
siliciclastic deltas (Figs. 5.4 & 2.8). In Figure 5.4 the coastline has been positioned at the 
western edge of the prograding packages. The rivers are located on the axis of broad 
valleys in the structure contour map of the basement (Fig. 1.3)
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Figure 5.4. Palaeogeographic map of the Mai'ion Plateau region during early 
Megasequence A time. The plateau surface was exposed and volcanism may have been 
occurring to the east and along the southern pan of the plateau. SWT = surface water 
temperature
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5.2.1.2 Seismic Package A2
In the southern part of the plateau, along the eastern flank of the Swains Reef High 
and resting directly on basement, are a series of mounds (Figs. 5.4 & 2.7). There are 
three possible interpretations of their nature and origin:
a) the mounds are volcanic in origin or;
b) the mounds are carbonate buildups or;
c) they are a mixture of volcanic mounds with associated carbonate buildups.
Volcanic mounds
The evidence favouring a volcanic interpretation includes the fact that volcanics are 
present both to the west in the Capricorn Basin (Ericson, 1976) and to the east in the 
Cato Trough and the northern Tasman Sea (Tasmantid Seamounts - McDougall and 
Duncan, 1988). The eastern edge of the mounds also appears to form a lineament (Fig. 
5.4), parallel to the main structural grain and suggesting a structural control on the 
mounds positioning. This thereby implies a volcanic origin. The volcanics in the 
Capricorn Basin are intermediate in composition and of ?Late Cretaceous age (K-Ar age 
of 86 My) (Ericson, 1976). The A2 mounds could be this old as they rest directly on the 
basement.
The Tasmantid seamounts are basaltic in composition and Early to Late Miocene in 
age (McDougall and Duncan, 1988). The seamounts in the Cato Trough have not been 
dated but lie on the projected northward continuation of the hotspot trace that formed 
the Tasmantid seamounts. They are therefore likely to be older than Miocene in age. 
However, there nonmagnetic character and apparent Late Cretaceous or early Tertiary 
age suggest that the mounds on the southern Marion Plateau are not related to the 
volcanic activity that led to the formation of the Tasmantid Seamounts.
If the A2 mounds are volcanic, then their age and nonmagnetic character favours an 
origin related to the intermediate volcanism in the basement beneath the Capricorn Basin 
rather than to the basaltic volcanics associated with the hotspot trace.
Carbonate mounds
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The Marion Plateau region was subjected to wann surface waters during the Early and 
Middle Eocene (Feary et ah, 1991). Under those oceanographic conditions it is possible 
that carbonate mounds may have been deposited in the region. The age of the A2 
mounds is not known but their nonmagnetic character of the mounds supports a 
nonvolcanic origin.
Mixed origin
Some of the mounds are complex and appeal* to have been constructed through 
several phases. It is therefore possible that the mounds consist of a volcanic pedestal on 
which carbonate mounds were constructed.
5.2.1.3 Seismic Package A4
Seismic package A4 consists of a series of stacked, very broad, low relief mounds located 
along the eastern edge of the plateau (Table 2.2, Figure 5.5; Enclosure 11) The mounds are 
locally developed and have formed three separate fields; the largest occurs in the north and 
is over 50 km across and covers an area of over 2000 km^. The mounds are composite in 
nature and consist of up to 5 individual mounds. Individual mounds are up to 46 km across 
and have a maximum thickness of 100 msecs or 150 m (assuming an interval velocity of 
3000 m/sec). Total composite thickness of the mounds is only approximately 300 m 
because each successive mound is slightly offset from the preceding one. In Figure 5.6 the 
thickest part of the second and fourth mounds are located further to the east or downslope 
from both the preceding and subsequent mounds. The landward edge of the mound is 
usually well preserved and thins to below seismic resolution on what was probably the 
palaeo-middle shelf position. Seismically this part of the mound may show downlap. By 
comparison the seaward edge of the mound may be more difficult to define. The 
disruption of the seaward part of the mound may be due to erosion or slumping. The 
localisation of the erosion to the upper slope suggests that it may have been due to current 
activity.
The mounds are draped across the outer edge and upper slope of the plateau in what was 
then a palaeo-shelf edge and upper slope position (Fig. 5.5 ). The position, and the form of 
the mounds (the thickest part of the mound is located over the palaeoshelf-slope
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Figure 5.5. Palaeogeographic map of the Marion Plateau region during late Megasequence 
A time. The eastern and northern edges of the plateau had begun to flood and formed a 
broad shelf in which cool water carbonate sediments were deposited. SWT = surface water 
temperature
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break) suggests that the mounds were formed by in situ production of sediment, implying 
that they are carbonate sediments. The location of the plateau and the cool surface water 
regime that is postulated for the Late Oligocene and Early Miocene along with the 
occurrence of cool water limestones of equivalent age on the Queensland Plateau to the 
north (Shipboard Scientific Party 1991; Brachert et al., in press), suggests that these 
mounds are cool water carbonates of foramol and/or bryomol bio-assemblages.
If the sediments that form these mounds are carbonate sediments it is necessary to examine 
other examples of this type of sediment to be able to predict the facies because the mounds 
have not been sampled. By examining modern examples of cool water carbonate sediments 
it should be possible to predict the textural and facies type that make up these limestones. 
Modern cool water carbonate shelves are characterised by bio-assemblages in which the 
predominant constituents are foraminifer, molluscs, bryozoa, calcareous red algae and 
barnacles. Lees and Buller (1972) referred to this association as the foramol assemblage, 
but recently Nelson et al. (1988) have shown that a characteristic subset of this 
assemblage, that they have called the bryomol association, is widespread on modern 
shelves in southern Australia and New Zealand (Connolly and von der Borch, 1967; Wass 
et al., 1970; Marshall and Davies, 1978; Nelson et al., 1988). The bryomol assemblage 
consists predominantly of bryozoa, mollusc and foraminifer. Along the east coast of 
Australia and in the Ryukus of the western Pacific it the has been shown by Marshall and 
Davies (1978) and Schlanger and Konishi (1975) that the wann water chlorozoan 
assemblage is separated from the bryomol assemblage by a red algae-bryozoan-mollusca- 
foraminifer assemblage that has been referred to as subtropical facies by Davies et al. 
(1988, 1989). Within the cool water assemblages the proportions of faunal components 
vary across the shelf and slope. Molluscs are dominant on the inner and middle shelf 
whereas bryozoa dominate the outer shelf and upper slope. Forests of living bryozoa and 
sponges are reported from the outer shelf and upper slope of the eastern margin of 
Australia (Marshall and Davies, 1978) and along the southern margin (Connolly and von 
der Borch, 1967; Wass et al., 1970; T. Boreen, pers. comm. June 1991; James and von der 
Borch, 1991). Pelagic sediment is dominant on the slope. Cool water carbonate sediments
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Figure 5.6. BMR seismic line 75/25 and line drawing showing broad low relief mounds 
located on the eastern edge of the plateau. These mounds within Megasequence A (MSA) 
have been interpreted as cool water carbonate mounds of Late Oligocene to Early Miocene 
age. There are 5 mounds in MSA and they are draped across what was, the outer shelf and 
upper slope at the time of their deposition. Vertical exaggeration is approximately 21:1. A- 
D refers to the megasequences. Note the mounds in MSC.
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are most extensive on shelves that have little clastic input or where the clastic sediments 
are either trapped in the near shore zone or by-pass the shelf (Nelson et ah, 1988). 
Upwelling is thought to be a significant controlling factor also (Wass et al. 1970; Nelson et 
al., 1988). These modern sediments are characteristically coarse grained, forming 
extensive sand and gravel sheets. They also have low sedimentation rates compared to the 
tropical chlorozoan assemblages (Nelson, 1988; Brookfield, 1988).
Using modern cool water carbonate sediments as an analogue it is possible to predict the 
facies and texture of the limestone that form the mounds. The central part of the mound 
would most likely consist of foramol assemblages, perhaps a bryomol assemblage, with 
rudstone, grainstone, packstone and boundstone textures. These rocks would pass 
downslope into fine grained sediment with increasing proportions of pelagic detritus. This 
interpretation of the likely characteristics of the rocks making up these mounds is 
supported by the results of ODP drilling on the Queensland Plateau where Late Oligocene 
to Early Miocene limestone of bryomol aspect were recovered from sites 811/825 and 824 
(Shipboard Scientific Party, 1991; Brachertet al., in press).
Although the biota and texture of modern cool water carbonate sedimentary regimes are 
well known, the geometry of the platforms that form from these assemblages (and hence 
their likely expression on seismic sections) has rarely been described.
In modern cool water environments maximum carbonate production occurs on the outer 
shelf and upper slope in water depths of 80 to 150 m. Production diminishes in both a 
landward and down slope direction. The middle shelf in modern cool water carbonate 
environments is often bare (Nelson, 1988). If undisturbed this distribution of carbonate 
production, should in time, lead to a broad mound that is thickest at or about the shelf 
slope break and thins toward both the inner shelf and down slope. The middle shelf would 
be starved and the inner shelf would contain the various sand bodies of the shoreface 
environment related to the input of siliciclastic sediment (Figure 5.7). These geometries 
should be preserved unless the sediments are disturbed and reworked by storms or 
currents.
James and von der Borch (1991), and James and Bone (1991) have described the geometry 
of some the Cainozoic cool water carbonate platforms of the Eucla Platfonn,
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Figure 5.7. Sand body geometries for cool water carbonate sediments along a shelf and 
slope position, (based on a diagram provided by T. Boreen, 1991).
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Figure 5.8. Esso seismic line 43 from the Great Australian Bight region of Australia's 
southern margin showing broad low relief mounds beneath shelf edge progradation. The 
mounds are interpreted as cool water mounds because the southern margin has been a cool 
surface water environment throughout the Cainozoic. The shelf edge progradation is 
caused by reworking of carbonate debris during storms (James and von der Borch 1991).
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southern Australia. These platforms have formed on a very high energy open shelf (storm 
wave base to 120 m) and are characterised by chaotic shelf geometries and shelf edge 
progradation. In this high energy environment the sediments are vigorously reworked and 
their is little opportunity for the mounds to develop or be preserved because the sediments 
are redistributed across the shelf and down the slope. This has lead to the development of 
broad sheets of carbonate sediments with chaotic seismic reflection characteristics and 
with low angle sigmoidal progradation on the upper slope below storm wave base.
However, broad low relief mounds are also present on the Eucla shelf further inboard, 
and beneath, the progradational sequences (Fig. 5.8). The timing and cause of this change 
from mound building to progradation is not known but may be related to oceanographic 
factors such as a change in climate which lead to an intensification of storms bringing the 
outer shelf into the influence of storm waves or to fluctuations in sea level.
In an environment below storm wave base, the major energy impacting on the mounds 
and reworking fine grained sediment would probably be currents which are often focussed 
on the shelf edge. If strong enough, currents may have the potential to rework the mounds 
and disturb the outboard or upper slope section of the mound.
Therefore considerations of the production potential of cool water carbonate assemblages 
and the energy regime in which they are deposited suggests that those platforms that 
develop in regimes below storm wave base could have a geometry similar to that described 
above for the mounds on the eastern side of the platform on the Marion Plateau.
On the basis of the Cainozoic analogues and arguments discussed above, the mounds that 
form seismic package A4 are interpreted as a cool water carbonate platform that formed on 
the ?01igocene to Early Miocene outer shelf and upper slope of the Marion Plateau in 
water depths below storm wave base. This platform is referred to as the MP1 platform in 
this study. If this interpretation is correct then the mounds probably consist of bryozoa- 
mollusc-foraminifer rudstone, packstone, grainstone and boundstone. Upper slope facies 
are likely to grade into foraminifer wackestone and packestone and further down the slope 
onto pelagic sediments.
5.2.1.4 Seismic Package A5
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Seismic package A5 (Fig. 2.9) occurs near the top of MSA to the south of Marion 
Reef. It consists of a complex channel fill that is interpreted as infilled canyons. The 
canyons are older than the outer shelf mounds (A4) and may have been cut during the 
postulated mid Oligocene fall in sealevel. The canyon fill is older than MSB so they were 
probably filled during the Late Oligocene to Early Miocene prior to the transgression of 
the plateau summit.
5 .2.2 MEGASEQUENCE B - EARLY- MIDDLE MIOCENE WARM WATER 
PLATFORM (MP2)
The base of MSB marks the first major flooding of the Marion Plateau and thus 
represents a marked shift in the locus of sedimentation from the plateau slope to the 
plateau summit.
By the time of flooding, the plateau had been carried to approximately 32° to 28°S. 
Surface water temperatures were warming (Feary et ah, 1991) and sealevel was 
continuing its punctuated rise from the low point in the mid Oligocene. According to 
Haq et al. (1987), the late Early and Middle Miocene third order sealevel curve is 
characterised by four fluctuations followed by a major fall. The four highstands had very 
similar relative positions. Sampling suggests that during MSB time the plateau was a 
large area of shallow warm water, despite being nearly 10° further south than its present 
position. Note that not all of the plateau was flooded: an island was located at the site of 
the present day position of Marion Reef, and the upper part of the Swains Reef High 
may also have been exposed (Fig. 5.9).
Sampling of MSB has shown that it is a carbonate platform and confirmed the warm 
water aspect of the Early to Middle Miocene limestones (Chapter 3). MSB is equivalent 
to the M l platform of Davies et al., (1989) and Pigram et al., (1992) but it is here 
renamed to MP2 because of the recognition of an older phase of platform development. 
The shallow water platform facies range in age from at least latest Early Miocene to 
Middle Miocene (Zone N.7 to N.10) (Chapter 3; Shipboard Scientific Party, 1991) and 
the slope facies probably range in age from late Early Miocene to Middle Miocene (N.7 
to N.14). This fits well with the results of drilling on the Queensland plateau at ODP
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Sites 811/825 and 824, which show that the transition from cool water to wann water 
assemblages there occurred at about Zone N.7 (Shipboard Scientific Party, 1991;
Brachert et al. in press). This also accords with the fact that the oldest warm water 
assemblages from the Marion Plateau are also N.7 in age. The change from cool water 
to warm water assemblages in north east Australia may thus have been both widespread 
and relatively abrupt. For a wann water platform to have developed on the Marion 
Plateau during this time implies either equable climatic conditions or well developed 
wann currents that bathed the plateau in warm waters.
The shallow water portion of the platform is confined to the broad northern part of the 
plateau. This may be because the marginal climatic conditions precluded the 
development of a wann water platform on the southern part of the plateau.
The platform is approximately triangular in shape (Fig. 5.9) and has a total area, 
including the marginal slope facies, of approximately 26 000 km2. The platform 
consists of one very large and three small areas of shallow water platform facies (Fig.
5.9) joined by marginal slope facies. The large triangular shaped region of shallow 
water platform facies covers an area of approximately 17 000 km2. The small circular 
area of shallow water platform facies to the southwest of Marion Reef (Figs. 5.9 & 
Enclosure 9) has an area of approximately 300 km2, the platform on the southern side 
of Marion Reef has an area of approximately 200 km2 and the small area to the north of 
Marion Reef is only crossed by one line so its areal extent is undefined. The marginal 
slope facies are broadest on the eastern side of the plateau particularly to the south of 
Marion Reef.
The thickness of MSB varies from a maximum of approximately 1000 m along the 
northern edge to 500 to 600 m in the south and west (Fig. 2.3). These estimates are 
derived from the TWT thickness using an average velocity of 3000 m/sec derived from 
the sonic log for the platform sediments of MSB intersected at ODP Site 816 
(Shipboard Scientific Party, 1991a).
MSB is subdivided into six seismic packages (Table 2.3) which are interpreted in terms 
of platform components. The nomenclature of carbonate platforms has been
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Figure 5.9. Palaeogeographic map of the Marion Plateau region during Megasequence B. 
The plateau was completely flooded by late Early Miocene time which when combined 
with warm surface waters led to the development of an extensive warm water carbonate 
platform (MP2) across the northern two thirds of the plateau.
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described by many authors and a summary of the nomenclature used in this study is 
shown in Figure 5.10. Each of the seismic packages is briefly described below and the 
evolution of the Early to Middle Miocene carbonate platform discussed.
5.2.2.1 Seismic Package B1
Seismic package B1 is confined to the western part of the plateau (Fig. 5.9) and is 
interpreted to have been formed between the coastline and the carbonate platform. It is 
characterised by relatively continuous reflectors and does not have a strong erosional 
upper boundary (Table 2.3). The lack of such an upper boundary and relatively good 
seismic reflectivity compared to the adjacent B2 facies are taken as indicating that B1 is 
a dominantly siliciclastic unit or a mixed siliciclastic/carbonate unit. This interpretation is 
supported by its position to the west of the main platform in an area that is interpreted as 
an inner shelf to coastal zone.
5.2.2.2 Seismic Package B2
Seismic package B2 occupies a large part of the northern plateau, and also three small 
areas around Marion Island (Fig. 5.9). It is characterised by its sheet-like form, wavy to 
nonreflecting character, and erosional upper surface. B2 was sampled by ODP Sites 816 
and 826 and by dredging, the results of which suggests that it consists of shallow water 
limestone and dolostone of warm water aspect (Shipboard Scientific Party, 1991; and 
Chapter 3). B2 is the platform facies of the Early to Middle Miocene carbonate platform 
of the Marion Plateau.
The orientation of the platform margins are reasonably well defined and appear to be 
slightly offset from the bathymetric margin of the plateau, possibly reflecting an influence 
of the underlying structural grain. The northern margin of platform has a WSW - ENE 
orientation, but is offset by orthogonal trends with a NNW - SSE orientation. These trends 
approximate the orientation of the major structural trends in the Townsville Trough to the 
north (Symonds et al., 1987, 1992). In the Townsville Trough, extension has taken place in 
a NNW-SSE direction such that the major extensional faults strike WSW - ENE. This 
extension is compartmentalized and each compartment appears to be separated by NNW -
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SSE trending accommodation zones or transfer faults (Fig. 5.1). These structures appear to 
have exerted a strong influence over the location and development of the northern margin 
of MSB carbonate platform. By comparison the eastern margin is dominated by NNW- 
SSE trends that are offset by poorly defined NE - SW trends. The precise nature of this 
control is not clear. No faulting appears to be present beneath the platform edges. 
Presumably structuring has played a role in the development of subtle relief in the 
basement and in the orientation of the basement ramps which have been subsequently 
exploited by the platform during growth.
The western margin of the platform is poorly defined because it is only crossed by 
good data in a few places. The western margin of the shallow water platform facies is 
placed at the boundary between the MSB1 and MSB2 seismic packages. This boundary 
corresponds to a change in reflection character and a change in the character of the 
upper bounding unconformity. The platform facies are characteristically poorly to non 
reflecting whereas the adjacent MSB1 facies have continuous, moderate amplitude and 
frequency reflectors. Above MSB2 this unconformity is hummocky and is onlapped 
whereas above MSB1 the upper surface is a subtle unconformity with continuous 
reflectors above and below. The change in facies and the nature of the unconformity is 
interpreted to indicate a change from predominantly carbonate sediments to either 
mixed carbonate/siliciclastic or dominantly siliciclastic sediments and, hence, to mark 
the western boundary of the platform. This interpretation implies that the MSB 
platform is not present beneath the Great Barrier Reef (GBR).
5.2.2.3 Seismic Package B3
Seismic package B3 is confined to the eastern and northern edge of the plateau 
seaward of seismic package B2 (Fig. 5.9; Enclosures 9, 11). It is characteristically 
wedge-shaped and has continuous, updip divergent reflectors that often downlap (Table 
2.3). Its upper surface is erosional. B3 is interpreted as the marginal slope facies of the 
platform because of its position in relation to the platform facies and the basin, its wedge 
shape and its downlapping character. The character of seismic package B3 varies
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considerably from relatively narrow belt with reflectors of moderate dip to a very broad 
belt (eastern side of the plateau) with low dip angles.
During MSB the northern margin of the platform faced a broad trough (Townsville 
Trough) which appears to have been supplied with terrigenous siliciclastic sediment from 
the west. By contrast the eastern margin faced onto the outer edge of the plateau which 
formed a broad upper slope terrace up to 100 km across. This terrace was starved of 
terrigenous sediment. The only sediment deposited on this terrace were either derived from 
the platform (periplatform sediments) or from the water column.
The marginal slope facies along the northern edge thin rapidly away from the platform 
and merge with basinal deposits of the Townsville Trough. Internally there are several 
phases of slope sedimentation and they commonly show seismic downlap. On the eastern 
side of the platform the marginal slope facies are up to 40 km wide and wedge shaped with 
downlapping reflectors particularly near the shallow water platform facies. The marginal 
slope facies on the eastern margin typically taper to a very thin deposit that is near the 
limit of seismic resolution at or near the eastern edge of the plateau (Enclosure 11).
The downlapping that is characteristic of these sediments may not be a real geological 
surface but simply be caused by the inability of the seismic tool to resolve the complex toe 
of slope transition that occurs in the distal parts of marginal slope facies. Rudolph et al., 
(1989) by modelling of the toe of slope transition that crops out in the Dolomites at Pico di 
Vallandro in the Italian Alps, showed that this type of facies change was not resolvable 
and that the seismic expression of such a transition was a series of downlapping reflectors.
Mcllreath and James (1979) and Enos and Moore (1983) have reviewed the morphology 
and depositional style of carbonate platform margins. Mcllreath and James, (1979) 
describe two end members for platform margins which they call by-pass and depositional 
margins (Fig. 5.11). By-pass margins are characterised by abrupt change from the shallow 
water platform to the slope and commonly have a submarine scarp associated with margin.
Depositional margins are typically more gradational with gentle slopes that decrease 
basinward. The margins of shallow water platform facies in MSB which vary 
considerably, are described below. All of the margins are buried or partly buried with the
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exception of the most easterly segment of the northern margin. The western and eastern 
parts of the northern margin consist of steep or by-pass margins separated by a 
depositional margin in the centre (Fig. 5.12). By comparison the eastern margin of the 
MSB platform is entirely depositional in character (Fig. 5.13). The small area of platform 
to the southeast of Marion Reef has a by-pass margin along its eastern side (Enclosure 9).
The change in margin style along the northern edge of the platform corresponds to the 
segments of the margin which appear to have been structurally controlled reflecting the 
influence of the structural compartments found in the adjacent Townsville Trough. This 
suggests, but does not prove, that subtle variations in the subsidence regime of each 
compartment as a consequence of its different extensional history, may play a role in the 
style of margin that evolves.
However, the shape of many of these margins may not be solely due to depositional 
processes during the formation of the platform. The platform margin was exposed during 
the late Middle and Upper Miocene (Shipboard Scientific Party, 1991; Pigram et al., 1992; 
Chapter 6). This probably lead to margin erosion and a change in shape of the margin 
slopes. The recover of Early Miocene age samples from the base of the slope suggests that 
extensive erosion had occurred at this location to expose the older parts of the platform 
and therefore possibly modify the form of the upper slope.
5.2.2.4 Seismic Package B4
Seismic package B4 is confined to a terrace along the eastern edge of the plateau 
where it forms a very thin sheet that eventually thins to below seismic resolution on the 
upper slope (Figs. 5.9 & Enclosure 11). It consists of continuous reflectors that show 
internal convergence (Table 2.3). B4 is considered to be a condensed pelagic or 
hemipelagic sequence that was deposited on this eastern terrace during the late Early 
and Middle Miocene. The main rock types are probably planktic foraminifer wackestone.
5.2.2.5 Seismic Package B5
Seismic package B5 (Enclosure 9) is confined to the Townsville Trough basinward of 
seismic package B3 (Fig. 5.9). It consists of a series of very discontinuous reflectors that
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appeal* to be highly channelled (Table 2.3). These are probably the basinal sediment 
equivalents to the MSB platform and are interpreted as mixed terrigenous and carbonate 
sediments that were deposited below wave base but under the influence of strong 
currents which flowed from west to east through the Townsville Trough.
5.2.2.6 Seismic Package B6
Seismic package B6 is confined to the northeast corner of the plateau between Marion 
Reef and the eastern edge of B2 in that region (Fig. 5.9). It consists of parallel 
continuous reflectors that form a sheet like deposit (Table 2.3). B6 is almost as thick as 
B2 but its very good reflection characteristics suggest that it is either better bedded 
and/or has had a different diagenetic history than B2. The rocks are most likely 
shallowing upward packages of packstone and wackestone.
5.2.2.7 Platform Evolution
The evolution of the shallow water platform that makes up MSB, from its initiation with 
the flooding of the plateau during the Early Miocene to its demise about 4 My later in the 
late Middle Miocene, saw it develop through four major accretion phases and expand 
considerably in size.
Figure 5.12 shows several seismic lines which cross the margins of the platform. On the 
northern edge of the platform multichannel seismic data collected with an airgun source 
provides data with sufficient penetration to see the entire platform in profile. This data also 
comes from that part of the platform with a depositional margin and each phase of 
platform development is accompanied by a basinward shift in the platform margin or reef 
facies so that they are not superimposed. Where the platform margin is steep it is not 
possible to identify these phases as the top of the platform appears to scatter the signal and 
there are few or no good reflections. However, on Shell 1130, BMR 76/23 and Gulfs QP10 
it is possible to distinguish each phase of platform development (Fig. 5.15).
Each platform margin phase is characterised by a poorly to non reflecting seismic facies 
that has a wedge of downlapping sediment basinward or to the north. The poorly reflecting 
to non-reflecting facies are interpreted as reef or platform margin sediments with a wedge
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of marginal slope facies to the north. By contrast, on line 76/23 there is marked change in 
seismic facies from a poorly reflecting facies to a facies with continuous reflectors across 
the edge of the plateau. This facies change is interpreted as marking the transition from 
platform margin to marginal slope facies. The margin here is divided into four phases by 
reflectors that can be traced from the slope into the platform and by the progradation of the 
platform margin. On each of these lines the platform has prograded northward into the 
Townsville Trough. The initial phase of platform development on QP10 is about 15 km in 
from the edge of the platform and located on the high side of a fault block although the 
block had been transgressed prior to the initiation of the platform. On the other two lines 
there is no apparent structural control on the first phase. The margin of the plateau on 
these lines is a ramp which gradually deepens to the north. Progradation on Shell 1130 line 
is approximately 9 km and on BMR 76/23 it is 10 km.
The northern edge of the platform appears to have contained a series of reef complexes. 
Figure 5.16 shows parts of BMR 13/54 and 13/56 both of which are east-west lines near 
the northern edge of the platform (Fig. 5.14). These lines show a series of non reflecting 
seismic facies separated by facies with more coherent reflectors. These facies are 
interpreted as alternating reef and interreef or lagoonal sediments. Similar facies can be 
seen in BMR line 75/18 (Fig. 5.17) which is a dip line across the eastern side of the 
northern margin of the platform. Here alternating non reflecting and reflecting packages 
have been interpreted as reef and lagoon complexes. Similar facies are not seen along the 
eastern edge of MSB. This suggests that the northern edge of the platform may have been 
the 'windward' side of the MSB platform and had a barrier complex.
Rapid seismic facies changes similar to those discussed above are also present between the 
areas of platform facies in MSB. On BMR 75/23 (Enclosure 9 and Fig. 5.17) for example, 
the change from poorly reflecting platform facies (B2) to well reflecting interplatform 
facies (B6) with parallel continuous reflectors is a sharp contact. On the eastern side of the 
plateau there are no seismic facies that suggest reef accumulations or a reef margin. 
However, there is marked change in seismic facies across the platform margin and it is 
possible to identify the platform to slope transition for the four phases of platform 
development (Fig. 5.18). The eastern side of the plateau also exhibits progradation of the
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Figure 5.12. Seismic sections illustrating the character of the northern margin of MP2.
The margin character varies along strike and between structural compartments (see text for 
discussion). Line locations shown on Figure 5.14.
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Figure 5.13. Seismic lines illustrating the character of the eastern margin of MP2. Line 
locations shown on Figure 5.14.
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Figure 5.14. Track map showing the location of each of the seismic lines in Figure 5.12, 
5.13, 5.15 and 5.16.
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Figure 5.15. Line drawings of three interpreted seismic sections across the northern 
margin of MP2 showing the phases of platform development. The first three phases show 
progradation to the north into the Townsville Trough. The location of each line is shown 
in Figure 5.14. Line 76/23 is also Enclosure 9.
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Figure 5.16. BMR seismic data and line drawings of two E-W lines near the northern edge 
of MP2 showing the distribution of reflecting and non reflecting seismic facies that have 
been interpreted as lagoon and reef facies respectively. Location of these lines is shown on 
Figure 5.14.
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Figure 5.17. Interpreted BMR seismic line 75/18 from the northern edge of the plateau 
showing changing reflection characteristics that have been interpreted as barrier reef (BR) 
facies, lagoon (L), patch reef (PR) facies and periplatform (P) facies. B. Interpreted BMR 
seismic line 75/23 showing a marked change in seismic facies between bedded inter reef 
facies (IR) and reef facies (R). M = water bottom multiple. Location of these lines is 
shown on Figure 5.14.
197
platform margin. It reaches a maximum on BMR 75/25 where the platform edge has built 
out 30 km across the former upper slope terrace.
On both the northern and eastern margins the first three phases of phase of platform 
deposition are marked by seaward shift in the platform margin facies (Figs. 5.15 & 5.18). 
The fourth phase is located above or a little behind the front of the third phase.
The marked progradation on the eastern margin would appear to reflect the lack of 
depositional space (accommodation) over the platform and the broad low angle slope on 
which each succeeding phase could be established and develop. This in turn suggests that 
relative sea level was a major control on the development of the platform and that the 
fluctuations had a particular form. The sea level signature contained in this platform is 
analysed in Chapter 6.
5.2.3 MEGASEQUENCE C - LATE MIOCENE PLATFORM (MP3)
5.2.1 Lower Sequence Boundary
The boundary between MSB and MSC was initially identified and defined along the 
eastern part of the plateau. However, the correct identification and location of this 
sequence boundary along tire northern margin of the plateau proved to be difficult.
The original interpretation of the location of this boundary was shown to be incorrect by 
the results of the ODP drilling transect across the northern edge of the Marion Plateau. The 
misinterpretation of the platform to basin transition of the sequence boundary across the 
platform margins was caused by a lack of understanding of the processes that operate on 
the platform slope combined with the inability of the seismic tool to 'see' some of the 
important surfaces. In the following section I briefly review the results of ODP dialling on 
the northwestern margin of the Marion Plateau and examine the theoretical process that 
operate during a major fall in sea level and develop a model the distribution of 
unconformities across the margin which is then used to interpret the seismic and drilling 
results.
Drilling Results
During Leg 133 three sites (815, 816 and 826) were occupied along a short transect 
across the MP2 platform margin (Fig. 5.19). Site 815 was positioned to the north of the
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Figure 5.18. Seismic data and line drawing of BMR line 75/25 from the eastern edge of 
MP2 showing four phases of platform development and the progradation of this margin. M 
= multiple. Location of these lines is shown on Figure 5.14. Total progradation on this line 
is 37 km but the line is oblique to the margin.
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Figure 5.19. Map of the Marion Plateau showing distribution of the Early to Middle 
Miocene platform (MP2) and Late Miocene to Pliocene platform (MP3). The location of 
ODP Sites 815, 816 and 826 in the northwest corner of the plateau are shown.
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platform edge, and designed to intersect the marginal slope facies, whereas Sites 816 and 
826 were located on top of the platform (Feary et ah, 1990; Davies, McKenzie, Palmer- 
Julson et ah, 1991). The platfonn edge, at this location, is buried and is assumed to have 
formed a relatively steep by-pass margin during the deposition of MP2, although the 
current configuration of the margin probably reflects the effect of erosion during subaerial 
exposure in the Middle and Late Miocene [ s e c  /=» 13?J.
Figure 5.20A shows BMR line 75/27C, which is part of the site survey data collected 
across the margin in this region. It is a profile of the transect along which the three ODP 
wells were drilled. The top of the platform at around 650 - 700 msecs TWT is a prominent 
unconformity that can be traced basinward where it is both downlapped and onlapped. The 
platfonn was interpreted as consisting of two phases of growth with an areally restricted 
younger phase near the platform edge forming the mound like feature. The margin slope 
facies where assumed to consist of the poorly reflecting seismic facies basinward of the 
margin and beneath the prominent unconformity (Feary et al., 1990). The demise of the 
platform was assumed to have been caused by a fall in sea level (type 1 unconformity of 
Van Wagoner et al., 1988) and the downlapping and onlapping packages deposited as sea 
level rose again eventually drowning the platfonn. The downlapping character of this 
package has been attributed to the effect of currents, flowing from west to east, down the 
Townsville Trough.
The results of drilling at Sites 816 and 826 show that about 90 m of upper bathyal Plio- 
Pleistocene hemipelagic sediment overlays a few meters of Early Pliocene (CN.ll) 
shallow water carbonate sand and gravel which rests unconformably on shallow water 
carbonate platform sediments of Middle Miocene (7N.10) age. There is about /I My of 
section missing from the top of the plateau. Site 816 which was located at the southern end 
of the mound showed it to be the same age and facies as the top of the platfonn at Site 
826. This mound is now interpreted as a broad karst hill produced by dissolution and 
erosion and not as a late stage of platform growth.
At 815, 410 m of Late Miocene (CN.9a or N.17a) to Pleistocene upper bathyal 
hemipelagic sediment overlie shallow water Late Miocene (N.17) sediments which in turn 
rest unconformably on Middle Miocene (N.12) neritic carbonate sediments. There were
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several surprising results in this well. Firstly, marginal slope sediments equivalent in age 
to MP2 were not intersected and must, therefore, be deeper that TD. Secondly, the 
prominent unconformity near 1.0 sec on BMR Line 75/27C which had been interpreted as 
the top of the marginal slope facies of MP2 was shown to be within Pliocene upper bathyal 
hemipelagic sediments. There are hemipelagic sediments of similar lithological character 
above and below this surface. The surface itself was marked by a dolomitized carbonate 
sand that was interpreted a lag deposit (Shipboard Scientific Party, 1991). Thirdly, the 
major hiatus in 815 is located between the shallow water sediments of Units V and VI and 
ranges from Middle Miocene (N. 12) to Late Miocene (N.17) but has a poor seismic 
expression (Figs. 5.21 & 5.22).
Without the results from Site 815 the conventional practice of mapping the top MP2 
unconformity as a sequence boundary and a top Middle Miocene reflector, and mapping it 
into the basin (as was done during the predrilling prognosis), would have lead to the dating 
of Pliocene sediments in the basin as Middle Miocene in age. This would, in turn, 
produced an erroneous analysis of the distribution of sediment in the basin and hence its 
depositional history.
To understand the distribution of unconformities and sediments packages on the northern 
slope of MP2, one needs to examine the processes that may have operate on the slope 
during the Neogene. BMR line 75/28 extends into the basin from the site survey and so 
that the distribution of the unconformities on both the platform and the slope can be 
examine. Figure 5.23 is a line drawing of seismic lines 75/27C and 75/28 combined to 
make a transect across the platform margin and into the basin. This interpretation shows 
that there are additional unconformities on the slope that were not drilled at Site 815.
In Figure 5.23 the top of MP2 unconformity can be seen to separate into several minor 
unconformities that quickly pass into conformable reflectors basinward. The overall 
pattern is one of a major unconformity 'onlapped' by several minor unconformities. To 
explain this configuration of unconformities, and the facies distribution intersected at 815 
and 816/826 it is necessary examine the processes that may operate on a platform margin 
during a second order relative fall and rise in sealevel which was punctuated by third order
203
Site 81 6 projected
liBiiiiiBii
ä 5ä !55
•5v?&
257.1 130
LINE 7 5 / 2 7 C
-  1. 2
1.3
2 3 /O Q /2 8 5
1—-"‘‘Cr-JviMiw^y. *»u..’C ~c~iÜi jtryZr^jffZ;,-«. ■ ■, ’•««Sc-"!•tv>
.xl
,»/£ ■'—- *««<(•<■ v -■/•'*’'**'• * "'
257.1 150
Figure 5.20. BMR seismic dip line 72/27C showing synthetic seismic data and the tie 
between the drilling result at the ODP sites 815 and 816. The stratigraphic column shows 
the units described in Chapter 3 and is measured in meters below seafloor. Note the top 
two reflectors on these lines are caused by the source precursor. True water bottom is 
indicated by the zero depth position on the stratigraphic column.
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Figure 5.21. BMR strike line 75/27Q through Site 815. The stratigraphic column shows 
the units described in Chapter 3 and is measured in meters below seafloor. Note the top 
two reflectors on these lines are caused by the source precursor. True water bottom is 
indicated by the zero depth position on the stratigraphic column.
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Figure 5.22. BMR seismic line 75/27C with the synthetic seismic for Site 815 and the 
unconformities in this well highlight in the adjacent column. The palaeoenvironments 
above and below each unconformity are also indicated. The illustrations shows that the 
most prominent unconformity in this profile - the one that is downlapped - is within upper 
bathyal sediments and has no resolvable hiatus across it. It is an example of an 
unconformity formed by processes other than fluctuation in sealevel. The unconformity 
with the largest amount of time missing across it - the N.12 to N.17 unconformity - has a 
poor signal on this section and is least obvious. Note the top of MP2 age equivalent 
sediments were not encountered in 815.
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fluctuations. In the following section I examine how this fluctuation in sea level will affect 
depositional processes and the geometry of sediment packages on the slope.
Theoretical slope processes
In Figure 5.24 a schematic model has been constructed of how deposition would proceed 
on a platform margin for the sea level curve shown in Figure 5.25 which is based on the 
Haq et al., (1987) sea level curve for Middle and Late Miocene. On the sea level 
curve the high and low point of each fluctuation curve is numbered. Each number 
corresponds to a sea level position indicated on Fig. 5.25. The letters (A, B, C etc) refer to 
sediment deposited during each third order sea level rise and high stand. The distribution 
of shallow water facies are also indicated in Figure 5.24. It is assumed that the only 
terrigenous sediment input occurs from a source perpendicular to the profile and that the 
only expression of the a fall in sea level is the development of an unconformity. All 
references to sea level in the following section refer to relative sea level fluctuations.
The carbonate platform (A) is assumed to have been deposited during a rising sea level 
phase that culminated at sealevel position 1. The fall of sea level to position 2 caused the 
deposition on the platform to cease, erosion to begin, and shallow water deposition to 
move seaward and down the slope. Unit B was deposited during the next third order rise 
and high stand which culminated at sea level position 3. This position of sea level is below 
the top of the platform (A) so that the unconformity over the top of the platform continued 
to develop. The subsequent fall to position 4 on the curve exposed the shallow water part 
of unit B and extended the unconformity further down slope but with sediments younger 
than A beneath it. Most of the slope sediments equivalent to A have conformable 
relationship to those deposited as B and consequently the top of the slope package may not 
have any characteristics to distinguish it on seismic data. The sequence of events is 
repeated so that during each third order rise shallow water sediments are deposited further 
down the slope. The major unconformity is progressively extended across each younger 
package and down the slope until sea level position 6 is reached. This sequence of events 
during a second order fall in sea level illustrates the diachronous development of what
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Figure 5.23. Line drawing of a composite seismic section across the northern edge of the 
MP2 platform showing the distribution of unconformities and late Miocene carbonate 
platforms on the slope of MP2. The line has been assemble from BMR lines 75/27C and 
75/28. The seismic data are included as Enclosures 3 & 4.
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Figure 5.24. Schematic drawing of the distribution of sediments on a carbonate platform 
slope during a second order fall and rise in sealevel. The sea level curve used to construct 
this model is shown in Figure 5.25. Each number refers to a sealevel position on the 
hypothetical curve. Odd numbers are highstand positions and even numbers are low 
stands. The capital letters refer to sediments deposited during rising and high stand phases 
of third order sealevel fluctuations superimposed on the second order curve. The diagram 
illustrates the progressive basinward shift in facies during the fall and the development of 
unconformities. It also shows the progressive onlap of platforms during the subsequent rise 
and the development of the unconformities associated with each package.
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Figure 5.25. Sea level curve used to construct the model of sedimentation illustrated in 
Figure 5.24. High and low stands are numbered and refer to sea level positions shown in 
Figure 5.24 and time framework in Figure 5.27. The curve is based on the Middle and Late 
Miocene sea level curve of Haq et ah, (1987).
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would be interpreted as the top of platform unconformity. This occurs because each 
succeeding third order fall and rise is lower than the preceding one. The partial coverage 
of the unconformity formed during each third order lowstand by the next sediment 
package limits the time of exposure and hence its development. By contrast after sea level 
position 6 the margin is episodically transgressed again due to a second order rise. In this 
case, as each successive third order rise and high stand is higher than the preceding one, 
any unconformity developed as a consequence of a third order fall is buried by the next 
third order rise. Consequently, each unconformity has a limited opportunity to develop. 
Each shallow water unit over steps the preceding unit as shown in Figure 5.24, such that 
unit F is more landward than unit E, G more landward than F and so on.
The schematic model shows that the packages deposited on the slope during this type of 
sea level fluctuation will consist of series of shallow water sediment packages that young 
towards the basin overlain by shallow water sediments that deepen upwards and young 
towards the platform. The unconformity surface that has the greatest opportunity to 
develop will be a composite surface made up of superimposed lowstand effects that 
occurred during the second order fall. It will be the surface that separates the sediment 
packages deposited during the second order fall from those deposited during the second 
order rise in relative sea level. This surface is not the top of the marginal slope facies that 
are equivalent in age to the shallow water platform facies. If the sediments deposited under 
this regime are carbonates then it is likely this surface will develop characteristics due to 
diagenesis, that ensure that it has an acoustic contrast across it and therefore be prominent 
on seismic data. The other characteristic of the type of deposition is that the most 
prominent unconformity is likely to have minor unconformities breaking out from it. 
Figure 5.26 shows schematically how this package of sediments might look on a seismic 
section. The prominent unconformity is a lowstand unconformity. The proximal marginal 
slope sediments may have similar seismic characteristics to those of Unit B and there is no 
time break between them for most of the slope. Consequently the horizon equivalent to the 
top of the platform on the slope is unlikely to be seen by seismic tool. If the packages of 
sediment deposited during the fall (B, C) are carbonates that have undergone exposure and 
subaerial diagenesis then they may have a very poor reflection characteristics and may not
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be distinguishable either. On the other hand because the units deposited during the sea 
level rise step progressively landward and are exposed for a more limited period of time, 
there is more likelihood that each package will be identifiable on seismic data. The 
preservation of these packages is aided by the fact that as sea level is progressively rising, 
each unconformity becomes a drowning unconformity.
This model predicts that a drill hole located on the platform slope will intersect deep 
water sediments resting on packages of shallow water sediments separated by 
unconformities, that in turn overly the slope facies of the platform. The duration of the 
hiatus's between each of the shallow water phases will decrease basinward (Fig. 5.27). 
ODP site 815 is located in a position to intersect the sediments deposited high up on the 
slope during the fall in relative sea level and the latter phases of a transgression. The 
model predicts that the well should contain deeper water sediments conformable on 
shallow sediments that are separated from shallow water sediments by hiatus of 
considerable duration. The relationship between the Late Miocene (N.17) and middle 
Miocene (N.12) sediments at 815 would appear to fit the model. The N.17 packages 
consists of upper bathyal hemipelagic sediment with shallow water sediment at the base 
(Unit IV) unconformably on shallow water carbonate sediments (unit V) that rest 
unconformably on middle Miocene neritic carbonate sediments (Unit VI).
5.2.3.2 Discussion
The model shows one possible scheme whereby the carbonate sediments backstep or 
transgress the slope of the older platform. By contrast, on the eastern side of the plateau a 
large platform was constructed during the second order rise whereby each phase of the 
platform was superimposed on the top of the preceding one. However, the model and the 
results from Site 815 show that care is needed when attempting to carry the top of a 
carbonate platform sequence boundary into a basin as a time line. This is particularly so if 
the top of the platform is bound by a lowstand unconformity and sea level continues to 
fall, exposing the platform for a considerable period. The time line corresponding to the 
youngest sediments in the platform is unlikely to be identifiable on the slope in seismic 
data. The most prominent unconformity will be diachronous and have beneath it, the
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Figure 5.26. Line drawing of the sediment distribution generated in Figure 5.24 
emphasising the unconformities that are most likely to be prominent on seismic data. The 
characteristic features of the model are a prominent unconformity with several minor 
unconformities 'onlapping' it. The top of platform unconformity has progressively younger 
sediment beneath it as it is traced basinward. In a slope or basin position it does not mark 
the top of the marginal slope facies equivalent to A as there is no unconformity separating 
each phase of deposition in these positions.
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Figure 5.27. The depositional model shown in Figure 5.24 placed in a time framework to 
illustrate the distribution of sediment packages and environments in time. Five 
stratigraphic columns (C1-C5) illustrating relationships for five locations along the margin 
are also shown. Cl is an approximately equivalent position to ODP Site 816 in relation to 
the platform and C3 is similar to 815. The model explains the distribution of neritic and 
upper bathyal environments in relation to the unconformities encountered along the 
northern margin. It also explains why the top of MP2 cannot be readily traced into the 
basin and highlights the problems associated with tracing the top of carbonate platform 
into a basin on seismic data.
217
sediments deposited on the slope during the fall in sea level. In a carbonate environment 
the sediment package between the marginal slope facies and this major sequence boundary 
is unlikely to have reflection characteristics that would enable each package to be mapped 
due to the effects of depositional processes and diagenesis. In this environment, where 
prominent bathymetric relief can be formed by depositional processes and fluctuating sea 
level, conventional mapping of sequence boundaries based on seismic unconformities will 
lead to incorrect predictions of the age of sediments in the basin and therefore lead to 
erroneous predictions of basin history.
The analysis also shows that the slopes of carbonate platforms whose demise has been 
caused by a major fall in sea level, should contain a detailed record of the event 
stratigraphy that accompanied both the fall and subsequent rise in sealevel. The record of 
the sea level fluctuations during the Late Miocene that is preserved on the northern slope 
of MP2 is analysed in Chapter 6.
5.23.3 Downlapped Unconformity
Having shown that the most prominent unconformity adjacent to the northern margin of 
the MP2 platform is not the sequence boundary between MSB and MSC it is necessary to 
examine the nature and origin of this unconformity.
The prominent downlapped unconformity on BMR Line 75/27C adjacent to the platform 
margin is defined by a downlapped and onlapped surface adjacent to the platform margin 
(Fig. 5.22). The unconformity is present along the entire northern margin of the Marion 
Plateau but quickly becomes conformable as it is traced into the Townsville Trough. 
Adjacent to the platform the surface also has a strong acoustic signature characterised by a 
high amplitude reflector. This characteristic is also lost basinward.
At Site 815 this surface was intersected at 296.5 mbsf within Unit III. The surface has a 
strong log signature with both large velocity and resistivity spikes. Lithologically this level 
was marked by a poorly sampled, coarse dolomitized carbonate sand. The sediments above 
and below the surface where lithologically similar upper bathyal hemipelagic chalk but 
unit B, below the unconformity, is characterised by numerous slumped horizons. The 
surface has CN.ll nannofossil zone (Early Pliocene) both above and below it.
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There is no evidence for a marked change in water depth across this surface and so it 
does not appear to have been produced by a major fluctuation in sealevel. The geometry 
and localised nature of the downlapping is thought to be due to current activity. There are 
many minor unconformities within this section adjacent to the margin that are attributed to 
the waxing and waning of the current that became progressively focussed against the MP2 
platform margin. The upper bathyal sediments in Sites 815 and 816 contain variable but 
significant quantities, of fine grained terrigenous detritus that can only have been carried 
into northwestern Marion Plateau region by currents (Shipboard Scientific Party, 1991). 
There is no evidence for rivers crossing the plateau during the exposure of MP2 and the 
terrigenous detritus continued to enter the region after the plateau was flooded. The 
surface is the same age, Early Pliocene, as the transgressive sands that where intersected 
on top of the plateau at Site 816. This suggests that the flooding of the plateau 
corresponded with major changes in circulation patterns within the Townsville Trough 
which led to either the relocation or development of, strong currents. The flooding of the 
plateau was accompanied by a subsidence pulse (Chapter 3). If this subsidence was 
regional, then it may have deepened or opened up seaways to the west, between the 
Townsville and Queensland Troughs, enabling new circulation patterns to develop. The 
dolomitized sand intersected on this surface at Site 815 was interpreted as lag deposit 
caused by the increase in current strength during the Early Pliocene (Shipboard Scientific 
Party, 1991).
Sequences boundaries formed by current activity in deep water have been reported by 
Pinet and Popenoe (1985) for the Blake Plateau of eastern USA. They mapped a number 
of sequences and related them to variations in the course and current intensity of the Gulf 
Stream. The strong influence of currents on the formation of these sequences was 
confirmed by ODP drilling (Austin, Schlager et al, 1988). Mullins et al., (1987) also report 
a current controlled sequence boundary from the Gulf of Mexico which they attribute to 
the effect of the 'loop current’, a segment of the Gulf Stream that formed when the Straits 
of Panama closed.
The unconformities adjacent to the northern edge of the Marion Plateau, one of which 
marks a prominent sequence boundary, developed in upper bathyal water depths and was
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not a product eustatic sea level fluctuations (although relative sea level rise caused by 
tectonism has probably played some part in the process). One of the fundamental tenets of 
sequence stratigraphy is that the geometry of sequences are controlled by relative 
fluctuations in sealevel (Vail et al., 1977; Haq et al., 1987). However, Schlager (1989, 
1991a, b) has pointed out that other factors such as sediment supply, climate change and 
changes in ocean currents can also produce sediment packages separated by 
unconformities that could be mapped by classical seismic stratigraphic methods. The edge 
of the MP2 platform has numerous small and one very prominent unconformity adjacent to 
it along the northern edge of the Marion Plateau. These unconformities form sequence 
boundaries that have developed in upper bathyal waters probably as a consequence of 
currents and are not a direct consequence of fluctuations in sea level.
It illustrates the potential pitfalls of interpreting an apparently simple carbonate platform 
top unconformity as a single sequence boundary and assuming that a single process can 
account for the geometry of sediment packages.
Based on the analysis above the boundaries of MSC were mapped and it was 
subdivided into five seismic packages, the character of which are summarised in Table 
2.4 and discussed below. Before analysing each seismic package the nature of the major 
controlling factors during the Late Miocene is reviewed.
During the time of the deposition of MSC the Marion Plateau moved from 29°-25° (at 
the beginning of the Upper Miocene) to 26°-22° (at the beginning of the Pliocene) (Fig. 
5.21). Isem et al. (in press) have suggested, based on an analysis of oxygen isotope data 
from sites on the Queensland Plateau to die north, that surface water temperatures 
ranged from 16-19°C during the Upper Miocene. Most of the analysis for the Upper 
Miocene is based on one ODP site and the errors in this analysis are about 3-4°C. After 
a major lowstand near or at the Middle to Late Miocene boundary (at about 10.5 My), 
sealevel began a punctuated upward trend until the Miocene-Pliocene boundary (Haq et 
al., 1987). This late Miocene rise consists of a series of four successively higher third- 
order rises punctuated by falls of 30 - 80 m.
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At the beginning of the Upper Miocene, large areas of the plateau were still exposed 
(Fig. 5.28) due to the major drop in sealevel during die late Middle Miocene. The 
eastern plateau formed a shelf up to 100 km across, and the hinterland to west consisted 
of a karstic limestone terrain of low relief (Fig. 5.28). To the south, the axial part of the 
Swains Reef High was exposed and formed a broad southeasterly trending peninsula.
MSC is probably Late Miocene (Zone 7N.15-N.17) in age. Dredge samples from near 
the top of MSC are of Late Miocene (N.17) age and consist of rhodolith-bearing 
foraminifer floatstone (see Chapter 3) representing a wann water slope facies. Samples 
from Site 815 on the northern slope of the plateau consist of neritic Late Miocene 
limestone that passes rapidly upward into upper bathyal hemipelagic rocks. Site 815 is 
located quite high up on the slope and demonstrate that reflooding of the plateau 
margins was underway by N.17 time.
MSC is the result of a relative sea level lowstand which deposited both carbonate and mixed 
carbonate/siliciclastic facies. MSC along the eastern side of the plateau is appears to be 
entirely carbonate sediments whereas along the northern Marion Plateau it consists of mixed 
facies but is predominantly a fine grained siliciclastic basinal facies with a large down trough 
component of transport. A shallow water platform which is confined to the southeastern 
plateau, is referred to as the MP3 platform. It has an irregular, lobate shape, covers an area 
of approximately 6700 km^ and is at least 400 msec (TWT) thick (about 600 m at a 
velocity of 3000 m/secs). This platform forms part of the pedestal to Saumarez Reef (Fig. 
5.28). Saumarez Reef appeal’s, from limited data, to have an additional smaller platform 
phase between the modern reef and MSC. The MP3 platform also appears to extend 
beneath the northern Swains Reef complex of the GBR (Fig. 5.28). BMR line 75/ 67, 
which was collected in a narrow passage between the GBR and an unnamed reef a few 
kilometres to the east, shows the MP3 platform is present beneath the passage suggesting 
that MP3 may extend westward beneath the GBR. Data quality on the BMR early 1970's 
data and the industry data from the southern part of MP3 is of too poor a quality to be 
certain of where to place the western edge of MP3 and so it is not certain whether MP3 
extends beneath the GBR in the region to the west of Saumarez Reef.
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The marginal slope facies of the MP3 platform are up to 5 km wide, relatively narrow 
compared to those of MP2. The platform margins are generally by-pass margins, the 
exception being the northeastern margin of the platform which is a depositional margin 
(see BMR line 75/64 - Enclosure 14).
The deeper water portion of the MSC platform north of MP3, occupies an area of 
approximately 18 000 km2. This area was probably a deep shelf during the time of 
deposition MP3 and includes a region of mounds south of Marion Reef that have an 
area of about 2500 km2 (Fig. 5.28). MSC along the northern margin consists mainly of 
hemipelagic sediments with local development of shallow water carbonate facies.
5.2.3.4 Seismic Package C l
Seismic package C l is confined to the southeastern plateau along the eastern flank of 
the Swains Reef High (Fig. 5.28) and to restricted areas along the northwestern edge of 
plateau. It may also be present beneath Marion Reef but there is no data there to test 
this. Cl is characteristically non reflecting, has an erosional upper surface and forms a 
thick sheet (Table 2.4). On the basis of its those characteristics, and the samples from it, 
Cl is interpreted as the platform facies of a carbonate platfonn. It is expected the 
limestone within it will consist predominantly of stacked upward shallowing sequences 
(James, 1984) consisting of wackestone, packestone and mudstone with boundstone and 
grainstones formed by local developments of barrier reefs, patch reefs, biohenns and 
biostromes. The seismic character of Cl resembles a warm water platfonn, but Isern et 
al., (in press) analysis of the palaeoceanography of the Late Miocene based on samples 
from the Queensland Plateau suggests that surface water conditions were marginal for 
wann water platfonn development during the deposition of MSC. The analysis which 
suggests that surface water temperatures ranged from 16-19°C with an error of 3-4°C is 
based on only one well for most of the Late Miocene. This data suggests that the MP3 
platform may not be made up of a chlorozoan assemblage, but could consist of the 
subtropical assemblage which is dominated by red algae often in the form of rhodoliths. 
A platfonn of this type has been recently described from the southern Queensland shelf 
opposite Fraser Island (Davies et al., in press).
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Figure 5.28. Palaeogeographic map of the Marion Plateau region during 
Megasequence C. With sealevel still below the top of the plateau a lowstand carbonate 
platform (MP3) developed in the southern part of the plateau. (N.17).
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The platform consists of four phases which can be most clearly seen on the eastern side of 
MP3 (Fig. 5.29, Enclosure 11). Four major unconformities in the adjacent marginal slope 
facies can be mapped into the platform. Each of these phases of platform growth is 
assumed to have taken place during relative rises and highstands of sea level. The phases 
are referred to as MP3a - MP3d from oldest to youngest (Fig. 5.35).
5.2.3.5 Seismic Package C2
Seismic package C2 is located adjacent to package C l forming a belt around its 
northern and eastern flanks (Fig. 5.28). It is typically lens or wedge shaped with 
hummocky, discontinuous reflectors (Table 2.4 & Enclosure 14). The samples from 
MSC were dredged from C2 and consist of Late Miocene (Zone N.17) slope facies. On 
the basis of these samples, as well as its position and form, the C2 seismic package is 
interpreted as the marginal slope facies of the MP2 carbonate platform. The platform 
adjacent to C2 is commonly a by-pass margin. Mcllreath and James (1978) facies model 
for this type of margin (Fig. 5.11) suggests that these rocks will consist of a narrow 
zone of periplatform talus adjacent to the margin that consists of large blocks of shallow 
water limestones in a matrix of lime sand or mud. This facies pass basinward into 
calcarenites which in turn pass into hemipelagic limestones with beds of allochthonous 
calcarenites or breccias. The sediments may exhibit evidence of slumping and mass flow.
5.2.3.6 Seismic Package C3
Seismic package C3 occupies large areas of the eastern part of the plateau and the 
adjacent Townsville Trough along the northern edge of the plateau (Fig. 5.28). C3 
consists of parallel continuous reflectors that typically onlap the top of MSB and are 
draped over the outer plateau and upper slope (Table 2.4 and Enclosure 14). The rock 
types in C3 will probably be different in the northern and eastern parts of the plateau. On 
the eastern side, C3 was probably deposited on a deep shelf to the north of the MP2 
platform and east of a hinterland that probably had no surface drainage (Fig. 5.28). 
Therefore the rocks of C3 there are most probably limestones that contain both a pelagic
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and local biostromal component. The major rock types are probably wackestone with 
molluscs, planktic foraminifer and bryozoa as the major bioclasts.
At ODP Site 815 on the northern margin of the plateau C3 consists of upper bathyal 
hemipelagic sediments with a marked fine grained terrigenous input (Shipboard 
Scientific Party, 1991). It is assumed that this lithology is characteristic of C3 along the 
northern edge of the plateau although the proportion of terrigenous mud may decrease 
to the east..
5.2.3.7 Seismic Package C4
Seismic package C4 occurs on the eastern edge of the plateau south of Marion Reef 
(Figs. 5.28 & Enclosure 8), where it forms a complex of mounds draped across the 
outer shelf and upper slope. The mounds adjacent to Marion Reef create a broad swell 
in the seafloor (Enclosure 8). This complex consists of a series of broad mounds up to 
150 m thick and 30-40 km across. The apparent area occupied by these mounds is 
approximately 2500 km2. In overall geometry they resemble the mounds found lower in 
the section near the top of MSA (seismic package A4). Seismically they are different 
from the A4 mounds in that their eastern half tends to be chaotic in seismic character 
and therefore, their form is more difficult to define.
The mounds were probably a product of a local increase in sediment deposition. Their 
location on the eastern flank of the plateau, and separated from the Townsville Trough 
by a large peninsula (Fig. 5.28) and a karstic hinterland to the west, would appear to 
preclude any terrigenous sediment input. This implies in situ production of the sediment, 
which in turn implies that these mounds are composed of carbonate sediments.
Similar mounds near the top of MSA (seismic package A4) were interpreted as cool 
water carbonates of foramol and possibly bryomol association, because of the 
palaeoceanography in the Late Oligocene to Early Miocene, their location and form. 
Flowever, these younger mounds (C4) apparently grew contemporaneously with a 
carbonate platform (MP3) during a time of moderate to wann surface waters conditions. 
It is not possible with the existing data set to establish the precise time relationship of 
the mounds to the accretion phases of MP2 but there appear to be two possibilities:
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a) the mounds and the platform formed contemporaneously. Under these 
circumstances the mounds could be made up of either cool water or warm water 
assemblages; or
b) the growth of the mounds and the accretion phases of the platform alternated due 
to changing oceanographic conditions, sealevel and other factors. Under these 
conditions the mounds are more likely to consist of cool water assemblages.
a) contemporaneous growth
If the mounds were growing at the same time as the MP2 wann water platform then 
they would have been developing on the edge of a deep water shelf. Brookfield (1988) 
pointed out that a marked thermocline separating wann waters from cold water (often 
less than 10°C) exists in tropical seas at a depth of between 100 - 500 m. Under certain 
conditions it should be possible for this boundary to exist on the shelf, so that while 
tropical carbonates may be forming in shallow waters an assemblage of cool water 
aspect could be forming contemporaneously on tire deep shelf. Brookfield (1988) called 
these sediments cool tropical shelf carbonates. As the thermocline gradually becomes 
shallower at higher latitudes, this situation is most likely to occur where the shelf is at or 
near the limit of the tropical climate zone, is relatively deep and is free of any clastic 
input thereby favouring clear water.
The eastern Marion Plateau during the deposition of MSC would appear to have been 
in this situation. Its palaeolatitude ranged from 25°-29°S to 22°-26°S and hence it was 
probably only marginally a wann water environment. It was also free from any clastic 
input. Yet if the mounds developed in wann water above the thermocline then they 
would have a very different biota, one probably dominated by Halimeda as has been 
described by Hine et ah, (1988) and Roberts et ah, (1987) from mound fields on deep 
open shelves associated with warm water carbonate platforms in the southwestern 
Caribbean and east Java Sea respectively. These mound fields may fonn modern 
analogues for the broad mounds (seismic package C4) found on the eastern edge of the
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plateau during MSC, although it is difficult to compare seismic geometries because the 
geometries of the modern examples are poorly known. 
b) alternating growth
As the Marion Plateau was in a marginal position with regard to surface water 
temperatures, it is possible that the conditions that allowed a warm water platform to 
develop were dependent on oceanographic factors such as warm currents, whose path in 
turn was dependent on sealevel fluctuations. Rising and high sealevel in the northeast 
Australia region during the Late Miocene would have led to large areas of wann shallow 
water that could have been swept southward and promoted the development of 
carbonate platforms of chlorozoan aspect. Lowstands, on the other hand, would have 
inhibited the development areas of wann water, which when combined with global 
refrigeration of waters and changes in circulation, might have been sufficient to move 
the plateau into a cool water regime favouring outer shelf mound development. There 
would thus have been an alternation in the locus of the carbonate factory from the 
shallow shelf to the outer shelf, accompanied by a marked change in the biota from a 
wann water chlorozoan assemblage during rising and high sealevel to a cool water 
bryomol or foramol assemblage during falling and low sealevel. The wann water phases 
would be separated by exposure surfaces, whereas the cool water phases might either be 
continuous or else be separated by condensed intervals consisting of pelagic sediment 
that are equivalent in age to the phases of wann water platform deposition.
5.2.3.8 Seismic Package C5
Seismic package C5 is confined to a small area on the eastern side of the MP2 
platfonn (Fig. 5.28 and Enclosure 11). It consists of a series of downlapping packages 
that rapidly thin away from C l. C5 is interpreted to be a marginal slope facies to the Cl 
platform, based on its position in relation to Cl and on its form. This suggests that much 
of the sediment making up C5 was derived from Cl. C5 differs from C2, the other 
marginal slope facies, in that the relationship between Cl and C5 has the geometry of a 
depositional margin as defined by Mcllreath and James (1978) as opposed to the by-pass 
nature of the margin adjacent to C2.
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The facies model proposed by Mcllreath and James (1978) (Fig. 5.11) for by-pass 
margins suggests that the limestones in this sequence will most likely consist of 
periplatform talus breccia and rudstone adjacent to the platform and pass rapidly into 
pelagic and hemipelagic limestones downdip.
Seismic package C5 can be subdivided into four major sequences (Fig. 5.29), which 
correspond to the phases of MP3 platform development (see 5.2.3.4.).
5.2.3.9 Platform Evolution
That portion of MSC along the eastern margin of the plateau is a carbonate platform (MP3) 
with a shallow water platform facies (seismic package C l), marginal slope facies (seismic 
packages C2 and C5) and deep shelf facies (seismic package C3). These packages combined 
form the M2 platform of previous authors (Davies et al., 1989; Pigram et al., 1992). The 
MP3 platform appeal's to a rare example of lowstand carbonate platform. MP3 is a 
lowstand platform in relation to MP2 (Fig. 5.30). During the time of deposition of MP3 
the western two thirds of the plateau, that is the area formerly occupied the shallow water 
platform of MP3, was exposed (Fig. 5.28) and formed a broad, low relief, karstic 
landform. It is, therefore, unlikely that rivers would have crossed the plateau. The only 
terrigenous sediment input to the eastern plateau would have had to have been earned in 
by currents flowing down the Townsville Trough and around the northeastern comer of 
the plateau. MP3 was initiated near the toe of the slope of MP2 along the eastern side of the 
plateau on a shelf that was up to 60 km across. The top of MP2 unconformity can be traced 
to the western side of MP3 and then carried to the eastern side of MP3 via BMR lines 75/ 
67, 75/68 Shell 1129 and 1137 back to BMR 75/64. On the eastern side of MP3 the top 
MP2 unconformity can be mapped beneath marginal slope facies of MP3 and to the edge of 
platform facies demonstrating that MP3 postdates all of MP2 and that MP3 was initiated on 
the basinal facies equivalents of MP2 in lowstand position (Davies et al., 1989; Pigram et al, 
1992). It is the relationship between the MP2 and MP3 platforms which preserves the sea 
level record which is analysed in Chapter 6 and part of which was reported by Pigram et al., 
(1989; 1992).
The initiation of MP3 during the lowstand and its development into a platform of
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Figure 5.29. Eastern end of BMR line 75/64 showing the platform edge and marginal 
slope facies of MP3. The marginal slope facies consist four major phases separated by 
unconformities suggesting four major phases in the growth of the MP3 platfonn.
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Figure 5.30. A. Schematic cross section showing the relationship of the MP2 and MP3 
platforms. MP3 is lowstand platform in relation to MP2 and has developed along the 
eastern side of the plateau.
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significant size was only possible because of the unique geometry of the summit of the 
Marion Plateau. Large areas of lowstand platforms are rare because a fall in sea level leads 
to either a change in sediment input or places sea level on a steep slope where there is 
limited space for platform development. In clastic and mixed clastic and carbonate 
environments falling sea level leads to a basinward shift in sedimentation and the 
development of basin floor fan and lowstand wedges because the supply of detritus to the 
basin is continuous (Posamentier et ah, 1988). With carbonate platforms Sarg, (1988) 
suggests that the falling sea level and lowstand signature will most likely consists of 
allochthonous debris derived from slope front erosion and autochthonous carbonate 
wedges as well as the unconformity produced by exposure of the platform. Jacquin et al., 
(1991) on the other hand, suggest that low stand system tracts may be a major component 
of basinal sediments when adjacent to a carbonate platform based on a study of the 
Vercors Plateau of the western Alps. However, their study shows that for lowstand 
depositional features to develop in carbonate environments there must be a supply of 
unconsolidated detritus that can be worked down slope. This detritus was not produced in 
situ during the lowstand but was deposited during the preceding highstand. They 
acknowledge this requirement and comment that thick lowstand deposits may not develop 
adjacent to well cemented margins.
In a purely carbonate system of the wann water type, a fall in sea level will shut down 
production on the platfonn thereby restricting the supply of detritus to that produced either 
by erosion, and within the water column (Droxler and Schlager, 1985; Sarg, 1988). 
Therefore for much of the margin of a carbonate platform the falling sea level signature 
may only be the unconformity it produces. For short term cycles such as third order 
fluctuations there is unlikely to be a well developed sedimentary package associated with 
the fall simply because there may not be very much detritus produced by erosion due to 
rapid cementation and because pelagic production is very slow. On seismic data this signal 
will often be below the resolution of most data sets. Even when sea level falls for a 
prolonged period (such as the late Middle Miocene fall) it is unlikely that a strong 
depositional signal will result because a fall in sea level creates unstable environments that 
destroys any opportunity a biological community may have had to become established. In
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an atoll setting carbonate platform development only occurs when the atoll top is flooded. 
During sea level lowstands the area available for platform growth is severely restricted 
because of the steep sides of the atoll.
On the eastern side of the Marion Plateau where slope gradients of MP2 are less than 5°, 
there is no evidence for the low stand and falling sea level phases of either the third or 
second order other than the unconformities that they have produced. On BMR line 75/25 
the marginal slope packages are separated by unconformities (Enclosure 11) and there are 
no depositional units that onlap the unconformities or are sandwiched between each phase 
of marginal slope development. There are, what appear to be allochthonous wedges, on the 
northern slope of the MP2 in the area of the site survey for the ODP drilling (Fig. 5.31).
The development of an extensive lowstand wedge on the eastern side of the Marion Plateau 
makes MP3 an unusual feature in the geological record and it is worth examining the 
conditions that enabled the MP3 to evolve. MP2 was initiated about half way across the 
plateau because of the nature of its gently sloping upper surface. In profile this surface 
along the eastern half of the plateau consists of a series of flats separated by gently sloping 
ramps (see the basement on BMR line 75/25; Enclosure 11). The establishment of MP2 on 
the highest part of the plateau left a broad upper slope terrace along the eastern margin even 
after the considerable progradation of MP2. With the fall in sea level this terrace became an 
extensive area of shallow water, part of which proved suitable for the development of MP3. 
The growth of MP3 was also assisted the fact that the margin remained free of clastic 
sediment and hence suitable for carbonate production. By contrast, there was no terrace 
along the northern edge of the plateau, and there was an influx of terrigenous detritus down 
the tough from the west so that there were few suitable areas for platform development. 
Carbonate production along this margin appears to have been confined to thin, areally 
restricted sheets that I have not been able to map out because the data is too broadly 
spaced. The restriction of MP3 to a limited part of the eastern edge of the plateau is a 
curious and unexplained feature of the overall development of the carbonate platform in this 
region.
There is no obvious reason why the platform could not have covered all of the eastern 
terrace. There appear to be no large differences in relief on the outer plateau although this is
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Figure 5.31. Map of the northern edge of MP2 based on the seismic data set collected 
during the ODP Site Survey for the sites on the northwestern corner of Marion Plateau.
The map shows the distribution an area of slumps and debris flows adjacent to a channel in 
the margin.
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difficult to tell in the area of the shallow water platform because of lack of penetration of 
the seismic data. It may be that there were subtle differences in the plateau surface and only 
the southern part of the plateau was shallow enough for a new platform to be initiated. A 
difference of between 20 m and 40 m of palaeowater depth would be sufficient to favour 
one site and not another, and be too subtle to detect on the existing data sets. Another 
contributing factor may be related to the input of terrigenous detritus from the northwest. It 
is possible that some of the terrigenous detritus carried along the southern edge of the 
Townsville Trough by currents made its way into the northeastern edge of the plateau 
inhibiting warm water platform development. By the time the waters reached the location 
that became the site of the MP3 platform most of the terrigenous sediment had settled out 
and water quality was then suitable for the development of a platform. There may also have 
been other oceanographic factors such as localised upwelling of nutrient rich waters along 
the northeastern margin of the plateau to inhibit platform development.
5 .2.4 MEGASEQUENCE D (includes MP4 platform)
MSD is the drowning sequence of the Marion Plateau. It is probably Pliocene to Recent 
in age. During this time the plateau moved from 26°-22°S to its present position at 23°- 
19°S. Surface water temperatures during the Early Pliocene were 6-8°C cooler than 
modern temperatures and modem temperatures were first attained in the Early 
Pleistocene, (Isern et al., in press). A major subsidence pulse affected the plateau during 
the Early Pliocene and carried the top of the plateau to upper bathyal depths (Shipboard 
Scientific Party, 1991 and Chapters 3). Drilling at ODP Site 815 at the northwestern 
edge of the plateau intersected Late Pliocene to Pleistocene upper bathyal hemipelagic 
ooze overlying a greatly expanded section (300 m deposited in less than lMy) of Early 
Pliocene hemipelagic section which has alternating intervals with high and low carbonate 
content (Shipboard Scientific Party, 1991). The terrigenous
detritus in this interval is assumed to have been carried in from the west by currents. 
Modern carbonate platforms are restricted to Marion Reef and Saumarez Reefs on the 
plateau and to the adjacent Great Barrier Reef. Little is known of the timing of the 
initiation of these platforms in this region but it may have been related to the return of
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Figure 5.32. Palaeogeographic map of the Marion Plateau region during Megasequence 
D. This is essentially the modem regime which was established by the Late Pliocene 
after a subsidence pulse lead to the reflooding and drowning of the plateau.
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wann surface waters in the Early Pleistocene (Isern, et ah, in press).
The characteristics of the 6 seismic packages that make up MSD are summarised in 
Table 2.5 and their interpretation is discussed below. The palaeogeography of the MSD 
time interval is shown in Fig. 5.32.
5.2.4.1 Seismic Package D1
Seismic package D1 is confined to the southwestern edge of the Marion Plateau 
seaward of the Great Barrier Reef (GBR) (Figs. 5.32 & 2.10). It consists of a wedge 
shaped package with well developed downlap (Table 2.5; Fig. 2.10). D1 is interpreted as 
the marginal slope facies of the GBR. On line 75/13 (Fig. 2.10) the package has a broad 
sigmoidal prograding sequence at the base that passes up into a wedge shaped 
downlapping sequence. This change in character may be interpreted as a change from 
siliciclastic progradation to carbonate progradation, in the upper unit marking the local 
initiation of the GBR.
5.2.4.2 Seismic Package D2
Seismic Package D2 is widespread across the Marion Plateau and has filled much of 
the relief that remained after the deposition of MSC. It is characteristically a sheet that 
onlaps the underlying sequence (Table 2.5) although there are two localised areas of 
downlap adjacent to parts of MSB (package B2) and MSC that had prominent relief 
(Enclosures 3, 5 & 14). At ODP Site 815, D2 consists of hemipelagic sediments with 
variable carbonate content. Most of D2 was deposited during the Early Pliocene. The 
downlapping sections adjacent to the edges of the MP2 and MP3 platforms are 
interpreted to be the product of current action that was focussed and deflected by the 
prominent platform margins. The currents are thought to have earned terrigenous mud 
in from the west. Similar age sediments on the northern side of the Townsville Trough 
(ODP Site 817) have no terrigenous component (Davies, McKenzie, Palmer-Julson et 
ah, 1991). The sediments making up D2 are assumed to be hemipelagic and increasingly 
carbonate rich to the south. Across the area formerly occupied by MP2 and MP3, D2 
tends to be much thinner than in either the areas between or adjacent to these platforms. 
This is interpreted to mean that the top of tire plateau has been winnowed by currents,
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and that much of what was deposited along the eastern margin of the plateau during 
MSD time consists of both the local pelagic rain and reworked fine grained sediment 
from the northern part of the Marion Plateau.
5.2.4.3 Seismic Package D3
Seismic package D3 consists of mounds that occur along the outer edge of the Marion 
Plateau to the south of Marion Reef (Figs. 33 & 2.9). The mounds are approximately 3 
km across and up to 100 m thick. They are only seen on one line that runs parallel to the 
plateau edge. Their origin is unclear, but it may be related to current activity that has 
scoured and redeposited sediment along the plateau edge.
5.2.4.4 Seismic Package D4
Seismic package D4 consists of chaotic to hummocky reflectors confined to the outer 
eastern edge of plateau on Line 75/25 (Enclosure 11). The sediments are assumed to be 
hemipelagic and their seismic character is taken to be due to the scouring effect of 
currents.
5.2.4.5 Seismic Package D5
Seismic package D5 is located in the northeastern part of the plateau adjacent and to 
the south of the MP2 platform. It consists of broadly progradational units that have built 
eastward across the terrace on the eastern side of the plateau (Enclosure 11). D5 is 
thought to consist of hemipelagic sediment derived from material reworked by currents 
from the top of the plateau to the west and from pelagic rain.
5.2.4.6 Seismic Package D6
Seismic package D6 consist of a sheet-like package located between Marion Reef and 
the eastern edge of MP2. It is characterised by very gentle downlap. As with package 
D5, this package is also assumed to be hemipelagic sediment that was reworked by 
currents coming from the west along the northern edge of the plateau and swinging
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south into the region between Marion Reef and the eastern edge of package B2 (i.e. the 
platform facies of MSB) (Fig. 5.32).
5.2.5 MARION REEF PEDESTAL
Marion Reef is the modem reef platform after which the plateau is named. Marion Reef 
is sited on the northeastern corner of the plateau and is surrounded by water over 500 m 
deep. As the modern reef system is unlikely to be 500 m thick there must be older 
carbonate platforms within the pedestal. Given that both the MP2 and MP3 platforms have 
drowned, the location of modem reefal platform on the northeastern corner raises an 
interesting question of what constitutes the Marion Reef pedestal.
Seismic data in the area is confined to the western and southern sides of the reef and 
does not cross the flanks of the reef or the reef platform. BMR seismic lines 13/58 and 
75/19 show the marginal slope facies of MP2 thinning and downlapping towards Marion 
Reef. There is no evidence of any MP2 equivalent sediments derived from an easterly 
source that would indicate an MP2 equivalent platform beneath Marion Reef. Their are 
seismic facies which suggest platforms are present on the southern and northern sides of 
the area but there true areal extent cannot be established with the existing data sets. The 
distribution of facies described above has been taken as evidence for a basement high 
beneath Marion Reef during the Early and Middle Miocene so that there was an island on 
the northeastern tip of the plateau (interpretation shown in Fig. 5.9). This interpretation 
implies that there could be no equivalent to MP3 beneath Marion Reef because the island 
would have become a peninsula during the Upper Miocene (Fig. 5.28). This means that the 
reef pedestal may not have been flooded until the Early Pliocene subsidence pulse. If a 
platform was established at that time it was then able to keep up with rapidly rising sea 
level unlike MP2 and most of MP3. The alternative interpretation is that during MP2 time 
the area beneath Marion Reef was pan; of the upper slope terrace on which a platform 
equivalent to MP3 was established during the Late Miocene lowstand. This interpretation 
would probably require that the pedestal contain a basal section of hemipelagic sediments 
overlain by shallow water platform that was able to survive the plateau drowning event in 
the Early Pliocene.
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Figure 5.33. Schematic sections of the possible development of the pedestal of Marion 
Reef. A. The likely age of carbonate platforms beneath Marion Reef if it is assumed that 
there is no basement high beneath the site. Under these circumstances the pedestal should 
be made up of an MP3 age equivalent platform overlain by a thick section of Plio- 
Pleistocene shallow water platform that was able to keep up with the rapid Pliocene 
relative rise in sealevel. B. This assumes a basement high beneath Marion Reef that 
remained exposed through out MP2 and MP3 time. Carbonate platform development was 
established when this high was submerged during the Pliocene and kept up to form the 
pedestal. E-O = Eocene to Oligocene, LM-R = Late Miocene to Recent, MP4 = Plio- 
Pleistocene carbonate platform
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These two interpretations of what may constitute the pedestal of Marion Reef are shown 
schematically in Figure 5.33.
5.3 CONCLUSIONS
5.3.1 GEOLOGICAL HISTORY AND CARBONATE PLATFORM EVOLUTION
The depositional history and distribution of sediments on the Marion Plateau is 
summarised in Figure 5.34 along with the nature of surface water temperature and sea 
level at key times in the plateaus evolution.
Initial sedimentation on the plateau was confined to the northern and eastern edges.
Little is known of the nature of the Late Cretaceous processes around the plateau. 
Volcanism may have been active and sedimentation was confined to the adjacent basins. 
The plateau remained exposed throughout the Palaeogene during which time it was 
planated to form a gently dipping relatively smooth plateau summit with a maximum 
width of 200 km. Sedimentation along the eastern slope during the Eocene was probably 
siliciclastic and was delivered to the margin through three point sources (Fig. 5.4). 
Sedimentation along the northern margin was probably siliciclastic and mainly derived 
from the west and carried down the Townsville Trough. Canyons where cut along the 
eastern edge of the plateau presumably in response to the mid Oligocene fall in eustatic sea 
level. After canyon cutting sea level began to transgress the plateau.
Carbonate sedimentation probably started in the ?late Oligocene when cool water 
mounds where deposited on what was the outer shelf and upper slope of the eastern plateau 
when it occupied a position between 35°- 31° S.
The MP1 platform evolved through five stages to form a composite stack of mounds up 
to 400 m thick and 50 km across which occupy an area of over 2000 kin^ to the south of 
present day Marion Reef. Two smaller areas of stacked mounds platforms developed to the 
south of this large platform and the area between is assumed to have been covered by 
carbonate biostromes. This complete cool water platform measured 400 km from north to 
south, was up to 80 km across and up to 400 m thick. The principal control on the nature 
of this, the initial phase of carbonate platform development was probably surface water 
conditions. It determined the nature of carbonate precipitating biota and hence the
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architecture of the platform. The location of the platforms where controlled by the 
structure and morphology of the plateau which determined the width and location of the 
shelf during this time.
During the Early Miocene wann surface waters entered the Marion Plateau region 
probably due to the combined effects of the northward movement of Australia (Davies et 
ah, 1989) and the development of boundary currents in the Pacific Ocean as a 
consequence of the closure of the Indonesian sea way (Kennett, 1980). This influx of 
warm waters coincided with the first flooding of the entire plateau due to a relative rise in 
sea level. The change in surface water temperature caused a rapid change in the carbonate 
producing biota and the rise in sea level lead to the initiation of a large warm water 
platform (MP2) in the central and northern plateau during N.7 time. The control on the 
southern extent of MP2 may have been surface water temperature, because at the time of 
initiation the plateau was located in a marginal climatic position between 32° and 28° S. 
MP2 evolved through 4 stages, each apparently related to a third order relative rise and 
high stand of sealevel followed by a relative fall. During the first three phases of MP2 
growth the platform margin prograded on average 10 km into the Townsville Trough 
(maximum of 16 km) and about 20 km across the eastern plateau (maximum 30 km) 
increasing the area of the platform by approximately 50 %. During the deposition of MP2 
there was an island in the northeast corner of the plateau that was to become part of the 
pedestal of the modern Marion Reef.
The Upper Miocene MP3 platform developed as a lowstand carbonate platform on the 
eastern pail of the plateau and evolved through four stages during a major second order 
rise in sea level. During the development of MP3 the western two thirds of the plateau was 
exposed and consisted of a karstic landscape such that no rivers where able to cross the 
from west to east. Along the eastern pail of the plateau, to the north of the wann water 
platform, mounds developed forming an extensive area of carbonate deposition. These 
mounds probably consist of either the green algae Halimeda and associated biota because 
they fonned on an open shelf in moderate water depths with wann surface waters or cool 
water mounds of foramol or bryomol aspect. Locally along the northern margin small and 
restricted carbonate platforms developed on the slope of MP2.
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Figure 5.34. Time space diagram for the Marion Plateau with a summary of the major 
controlling factors on the development of carbonate platforms during the last 40 My.
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During the reflooding of the plateau a platform may have colonised the basement high in 
the northeastern corner of the plateau. This platform managed to keep up with sea level 
despite the accelerated rise during the early Pliocene and formed the pedestal to Marion 
Reef.
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Figure 5.35. Summary diagram showing the relationship, in time, of the megasquences 
and each phase of carbonate platform development. (Time scale is from Haq et al., 1987).
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5.3.2 PLATFORM DEMISE AND DROWNING AND THE FORMATION OF 
UNCONFORMITIES
One of the keys to the analysis of basin development using sequence stratigraphic 
methods is the assumption that the geometry of the sequences and the development of 
unconformities are controlled by relative changes in sea level (Vail et al., 1977; Van 
Wagoner et al., 1988; Haq et al., 1987).
Unconformities are common features of carbonate platforms and are often interpreted as 
having been caused by a relative fall in sea level. But Schlager (1989) has pointed out that 
similar seismic geometries form when a platform is drowned (that is, when platform 
growth ceases due to submergence beneath the photic zone) and are buried by non 
carbonate sediments. Both Schlager (1989, 1991) and Erlich et al., (1990) have 
summarised the features which assist in distinguishing between these two mechanism for 
the formation of this type of unconformity. Drowned platforms will typically show a 
change in lithology from shallow water carbonate to deeper water siliciclastic or carbonate 
sediments of variable composition. The boundary may have a condensed sequence or 
hardground with glauconitic and/or phosphatic sediments. On seismic sections, the most 
characteristic feature of a drowned platform is the presence of a raised rim and deep 
lagoon - Schlagers 'empty bucket' profile - which form as a consequence of the reef 
attempting to keep up with rising sea level. Low stand unconformities should show 
evidence for exposure including the effects of meteoric diagenesis and the development of 
karstic features. Perhaps the most diagnostic seismic characteristic of a lowstand 
unconformity is the presences of a well developed lowstand wedge. However, both authors 
point out that distinguishing between lowstand and drowning unconformities on seismic 
section can be difficult and may only be resolved by examining the rocks themselves. 
However, making the distinction is critical for basin analysis because misinterpretation 
will lead to erroneous interpretation of both the platform and basin history.
At various times in the history of the development of the carbonate platform on the 
Marion Plateau platform development has ceased and then been drowned. Each of the first 
three phases of platform growth (MP1, MP2, MP3) have been drowned. The cessation of
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growth and subsequent drowning has lead to the development of an unconformity which 
forms a megasequence boundary.
In the following section I examine the reasons for the demise and drowning of MPl,
MP2 and MP3 and attempt to establish what role sea level has played in the development 
of the unconformity.
MPl
The demise of MPl appears to be related to changes in paleoceanography. The influx of 
warm surface waters to the Marion Plateau during the Early Miocene and the first flooding 
of the plateau summit appear to have combined to cause the demise of MPl. The warm 
surface water lead to change in the carbonate secreting biota and consequently a major 
shift in carbonate production from the plateau edge. Without samples it is not possible to 
prove this hypothesis for the demise of MPl, but it would seem that a fall in sea level has 
not played a role.
MP2
The MP2 platform ceased growing in the late Middle Miocene, failed to re-establish 
itself after plateau reflooding in the Early Pliocene and drowned. The top of the platform 
is currently in water depths greater than 400 m and covered by hemipelagic sediment. The 
upper surface of the platform forms a prominent unconformity that is both onlapped and 
downlapped.
Prior to drilling, the top MP2 unconformity was interpreted as a lowstand unconformity 
caused by a major fall in sea level during the Middle and Upper Miocene. This 
interpretation was based on its hummocky character, well developed lowstand wedge 
(MP3 platform) and because it lacks a raised rim morphology (Pigram et al, 1989; Davies 
et al., 1989; Feary et al., 1990). At that time, unpublished studies of the diagenetic history 
and cement stratigraphy of samples dredged from MP2 showed that they contained 
meteoric cements, moldic porosity and dissolution cavities supporting the lowstand 
interpretation.
This interpretation, while explaining the unconformity and the relationship of MP2 and 
MP3 did not explain why MP2 was not recolonised by another carbonate platform when 
reflooded. Part of the objectives in drilling ODP Sites 815, 816 and 826 on the
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northwestern corner of the MP2 was to examine the nature of the unconformity, to 
establish the cause of the demise of MP2, and the cause of its subsequent drowning.
At Sites 816 and 826 the Early to Middle Miocene shallow water carbonate platform 
(MP2) is overlain by a three meter thick, Early Pliocene (CN.ll), neritic carbonate gravel 
and sand unit (Unit II at 816, Fig. 3.11) that passes rapidly into 90 m of Pliocene to 
Pleistocene upper bathyal hemipelagic sediments. The hiatus on top of the platform 
extends from late Middle Miocene to Early Pliocene (Zone N. 10/12 (7N.11) to Zone 
CN.ll (N. 19/20)) a period of approximately 7 -8  my. By comparison Site 815 intersected 
410m of Upper Miocene (N.17) upper bathyal hemipelagic sediment resting on Upper 
Miocene (N.17) neritic sediments unconformably on late Middle Miocene (N.12) neritic 
carbonates. The marginal slope sediments equivalent to MP2 were not intersected at 815.
The results of drilling at these sites show that no sedimentation occurred on the top of 
MP2 during the late middle to Early Pliocene time. The restoration of the platform margin 
to its N.12 time configuration (Fig. 3.23) shows that the N.12 sediments in 815 are 
lowstand deposits and that the top of the MP2 was exposed. Furthermore the diagenetic 
history of the platform based on the samples obtained from both drilling and dredging 
show that the platform was subjected to meteoric processes. The presences of extensive 
former calcitic cements (both pore lining and pore filling blocky spar) and moldic and 
vuggy porosity are evidence for sub-aerial exposure. The cement stratigraphy of these 
samples also show that the meteoric cements were precipitated during the late Middle an 
Late Miocene when the platform was exposed (Chapter 4, Pigram et al., in press).
This evidence shows that the demise of the platform was caused by subaerial exposure 
from the late Middle Miocene to Early Pliocene. The exposure was caused by a major fall 
in sea level during the late Middle Miocene and early Late Miocene with an amplitude of 
approximately 200 m (Chapter 6; Pigram et al., 1992). The platform top remained exposed 
until the early Pliocene because it took that long for relative sea level to rise sufficiently to 
transgress the plateau.
Platform drowning, which occurred in Early Pliocene time, appears to have been a 
complex event, related to the interaction of several factors, including a subsidence pulse, 
and the influx of both terrigenous detritus and cool, nutrient rich waters. When the plateau
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was reflooded in Early Pliocene time, transgressive neritic carbonate sediments were 
deposited. So that, at least initially, conditions were suitable for the re-establishment of a 
shallow water carbonate production. However, palaeowater depths very quickly became 
bathyal as indicated by the rapid transition from neritic carbonate to upper bathyal 
hemipelagic sediments at Sites 816 and 826. This rapid transition from a neritic to an 
upper bathyal environment shows that a major relative rise in sea level occurred 
immediately after or concurrently with the reflooding of the top of MP2. This relative rise 
in sea level of over 300 m, cannot have been due solely to eustatic fluctuations sea level, 
but must have been caused by a combination of eustatic rise and a tectonic subsidence 
pulse. The subsidence history appears to have involved a pulse and not simply an increase 
in subsidence rate because the plateau has remained in upper bathyal depths throughout the 
Pliocene to Recent. Therefore a pulse in the Early Pliocene earned the top of the plateau 
into an upper bathyal regime and then its rate of subsidence again slowed such that the top 
of the plateau has remained in upper bathyal water depths.
This rapid relative rise in sea level does not in itself, explain why shallow water 
carbonate deposition failed to keep up and build another platform phase on top of the 
plateau. As Schlager (1980) pointed out a healthy platform should be able to keep up with 
the fastest relative sea level rises. However, if oceanographic conditions change and 
carbonate production is slowed then the platform may drown.
The explanation for the drowning of MP2 appears to be related to a change water quality 
along the northern part of the plateau during reflooding. The Pliocene sediments that cover 
the northwestern part of the plateau have a significant clay content (up to 40%) (Shipboard 
Scientific Party, 1991) indicating that turbid water conditions had developed. This alone 
may have been sufficient to inhibit the development of a new platform but an influx of 
cool nutrient rich waters at the same time (Isern, et al., in press; S. Gartner, pers comm., 
October 1991) probably assisted in preventing a platform from re-colonising the plateau. 
With the subsidence pulse and consequent rapid increase in water depth during the Early 
Pliocene the top of the plateau was quickly removed from the photic zone and the 
opportunity for the re establishment of the platform lost.
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In summary, the results from the sampling of the northern margin of the plateau 
demonstrate that the demise of the Early to Middle Miocene carbonate platform was due to 
subaerial exposure as a consequence of a relative fall in sealevel. The failure of a shallow 
water platform to re-establish itself after reflooding in the Early Pliocene may have been 
due to a combination of turbid water conditions, rapidly rising relative sea level due to a 
subsidence pulse and an influx of cool nutrient rich waters.
The prominent seismic unconformity that bounds the top of MP2 is, therefore, actually 
two unconformities separated in time by about 7 My but only by a few meters. As such 
they cannot be resolved with the seismic tool. This is illustrated in Figure 5.36. The 
hummocky relief, as seen by the seismic tool, was caused by the exposure of the platform 
and as such is a Middle to Late Miocene lowstand unconformity. But the acoustic contrast 
across the unconformity is due to the thin veneer of Early Pliocene shallow water 
sediments that pass rapidly into upper bathyal hemipelagic sediments which are a product 
of the drowning unconformity. This relationship highlights the difficulties of 
distinguishing between these types of unconformities on seismic data and emphasises the 
need to be able to sample the rocks to be sure of the interpretation.
MP3
Unlike the MP2 platform, MP3 has not been completely drowned but has undergone an 
enormous contraction in two stages such that it is now restricted to the area of Saumarez 
Reef. Over 90% of the original platform has been drowned but with so little sampling of 
MP3 it is not possible to be certain of the cause of its demise and drowning. The sample 
recovered from MP3 preserves a record of the platforms transition from shallow to a deeper 
water environment in the Early Pliocene (Chapter 3.2.3) and provides some clues 
about the timing of the drowning and hence suggests a possible mechanism. This change is 
consistent with the timing of the subsidence pulse which led to the drowning of MP2 after it 
was reflooded. This suggests that the entire plateau was subjected to this event and that the 
shallow water MP3 platform was not able to keep pace with the increase in subsidence. The 
reasons for the demise of the plateau are also difficult to establish with such a small sample 
base. There is no evidence for subaerial exposure of the platform in the sample recovered
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Figure 5.36. Schematic drawing of the top of MP2 showing the relationship between the 
lowstand and drowning unconformity at ODP Site 816. The top of the platform was 
formed by karstification during the late Middle and latest Miocene. The platform was 
reflooded during Early Pliocene (CN.l 1) and shallow water carbonate sedimentation 
briefly resumed (sand and gravel). However changes in oceanography combined with a 
pulse of subsidence stopped the new platform from keeping up with sea level and the 
platform drowned. This combination of circumstances has lead to the juxtapositioning of 
the lowstand and drowning unconformity such that they are indistinguishable by the 
seismic tool.
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PLATFORM DEMISE DROWNING
MP1 oceanography
warming
change in surface water temperatures 
cool to warm
MP2 sea level fall change in surface water temperatures, influx 
of terrigenous detritus and nutrient rich water: 
subsidence
MP3 ?oceanography ? change in surface water temperatures, 
influx of nutrient rich waters, subsidence
Table 5.2. Summary of the factors involved in the demise and drowning of the MP1, MP2 
and MP3 platforms.
(Chapter 4). One can speculate that the demise of the platform may have been caused by the 
changes in oceanography identified by Isem et al., (in press). This would mean that water 
conditions changed and the platform was no longer sufficiently healthy enough to keep up 
with the Early Pliocene subsidence and was drowned. Such a scenario would explain the 
marked facies change preserved in the rock recovered from the platform.
In summary it appear that the demise of MP1 and MP3 was caused by changes in 
oceanography, particularly changes in surface water temperatures whereas the demise of 
MP2 was caused by a fall in sea level. Relative sea level rises have probably played a role 
in the drowning of each platform but changes in oceanography such that wann water 
platfonn development was inhibited was also an important factor.
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5.3.3 TEMPERATE TO TROPICAL TRANSITION OF CARBONATE PLATFORMS
An across latitude transfer of a carbonate platform is considered to be a major, long 
term, allocyclic control on the development of carbonate platforms (Jansa, 1981; Davies et 
al., 1987; 1989). The effect of such a change is occasionally mentioned in the literature but 
usually in the context of the development of warm water or tropical platforms. That is, it 
has been tacitly assumed that the initiation or demise of the tropical platform could occur 
as a consequence of movement of the platform into or out of a wann water environment. 
However, over the last decade or so, it has been recognised that carbonate sediments are 
widespread on cool-water or temperate to polar shelves (Nelson, 1988). The skeletal 
remains that constitute the sediment in either regime are very different and gave rise to 
Lees and Buller (1972) and Lees (1975) subdivision of modern shelf carbonates into 
chlorozoan and foramol assemblages. The foramol assemblage was later subdivided to 
include a bryozoan dominant assemblage, call bryomol association, by Nelson, et al., 
(1988).
A change from one climatic or surface water temperature regime to another, has the 
potential to markedly change the biota that construct or contribute to the development of a 
carbonate platform. For platforms of Cainozoic age this change in biota is generally 
recognisable because the modem bio-assemblages of Lees and Buller (1972), Lees (1975) 
and Nelson, et al., (1988) have a recognisable ancestry that allow the same subdivision to 
be applied (eg Davies et al. 1988; Pigram et al., 1989; Brachen et al., in press). However, 
the further back in time one tries to take this concept, the more difficult the application 
becomes because of the changes in fossil biota, particularly reef building organism, 
through time (Heckel, 1974), and the lack of knowledge of their ecology. Consequently, 
recognising cool-water to warm-water transitions based on biota in the Mesozoic and 
Palaeozoic are difficult and place marked limitations on our ability to reconstruct 
palaeoenvironments.
Although there are few studies of the architecture of cool-water platforms it would 
appear that the platforms constructed by cool-water biota are quite different to those 
constructed by warm-water biota. This marked contrast in geometric form may provide an
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important clue and possible criteria, for distinguishing between fossil cool-water and 
warm-water platforms. It has a further advantage of being readily recognisable in seismic 
data thereby enabling better prediction of facies, probable diagenetic history and 
consequently more accurate pre-drilling prognosis for buried platforms. It would also lead 
to better palaeogeographic reconstructions and analysis of palaeoenvironments.
In the following section I contrast the geometry of the cool-water and warm-water 
platforms on the Marion Plateau, examine their spatial relationship, then examine other 
examples in the region of such a transition and discuss the implications for interpreting 
Phanerozoic carbonate platforms.
Platform Architecture
On the Marion Plateau the transition from cool-water to warm-water platforms occurred 
during the Early Miocene and coincided with the marked warming of the region in 
response to both changing oceanographic conditions and the northward movement of 
Australia (Feary et ah, 1991). The upper part of MSA has been interpreted as cool-water 
platform and the change to MSB, which is known to be a warm-water platform reflects the 
transition.
The cool-water platforms of the Marion Plateau are characterised by broad mounds that 
are thickest in the middle and thin to below seismic resolution in both the seaward and 
landward directions. Individual mounds are up to 46 km across and up to 150 m thick at 
the centre. The platform, which is made up of several stacked mounds, has a maximum 
thickness of approximately 400 m and occupies an area of over 2000 km2. The platform is 
characteristically draped across the slope break at the palaeo-shelf edge of the eastern 
plateau (Fig. 5.6). Seismically the mounds are characterised by continuous reflectors of 
moderate amplitude and frequency that show internal convergence toward the edges of the 
mound.
By contrast the warm-water platforms of the Marion Plateau are typically broad thick 
sheets with wedge shaped marginal slope facies. The MP2 platform which replaced the 
cool water platform (MP1), is up to 1000 m thick along the northern edge of the platform 
and averages about 700 m in thickness elsewhere. The marginal facies of a warm-water
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platform where the transition from a shallow water platform to slope facies occurs can 
vary from an upright by-pass margin to a more gradual depositional margin but 
nonetheless the transition is characteristic of warm-water platforms. Seismically the 
shallow water platform facies are characteristically poorly to non reflecting, particularly 
near the platform edge. Reflections, where they exist are discontinuous and wavy. The 
marginal slope facies by contrast tend to have continuous reflectors that characteristically 
downlap and show down dip convergence. Locally they may also be poorly reflecting.
In summary the gross form of each platform is markedly different. Cool water platforms 
are characterised by broad mounds and the warm water platforms by thick sheets with 
wedge shaped marginal slope facies.
Spatial Separation
Although the platforms vary markedly in seismic character, another characteristic feature 
of the transition from the cool-water to warm-water platforms on the Marion Plateau is a 
large lateral shift in the loci of deposition that accompanied the change. This shift has lead 
to a large spatial separation between the cool-water and warm-water phases of platform 
development. The cool-water platform is draped across the eastern edge of the plateau with 
the maximum thickness of the mounds centred immediately above the break in slope. 
Furthermore the mounds thin in both the landward and seaward direction so that, on what 
would have been the inner shelf at the time of deposition of the cool water mounds, there 
was little or no sediment deposited. Or in other words if sediment was deposited on the 
inner shelf its thickness is below seismic resolution, in this case about 10 m. By contrast 
warm water platform (MP2) development appears to have coincided with the complete 
flooding of the plateau for the first time so that the eastern edge of the initial phase of MP2 
is located in about the centre of the plateau. Marginal slope facies occupy a belt that 
extends eastward and partly overlap the inboard edges of The distance between the plateau 
edge and the eastern edge of the MP2 platform which represents the shift in depocenters 
between the cool-water and warm-water phases of platform development is approximately 
130 km. During the subsequent phases of development of MP2 it has prograded eastward 
toward the cool-water platform but it still failed to develop to the point were shallow water
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Figure 5.37. Line drawing of BMR line 75/25 showing the spatial separation between the 
cool water and warm water platforms along the eastern edge of the Marion Plateau. At this 
location the distance between the shelf edge and the edge of the shallow water part of the 
initial phase MP2 is approximately 130 km.
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Figure 5.38. Palaeogeography maps of the Papuan Basin of Papua New Guinea showing 
the distribution of the Eocene cool water carbonate platform and the Oligocene to Early 
Miocene warm water platform. Note the westward shift of the reef facies (Borabi Trend) 
away from what was the shelf edge during the Eocene (modified after Pigram et ah, 1989) 
Spatial separation of the facies is approximately 100 km.
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facies of MP2 directly overly the cool-water mounds.
This shift in the locus of the major sites of carbonate production is large and may be 
peculiar to the Marion Plateau. This large spatial separation is clearly a function of the 
nature of the upper surface of the plateau at the time of formation of the platforms. That is, 
once sea level breach the top of the plateau there was a very large area available for 
flooding and hence the shift in the site of carbonate production and the development of an 
extensive platform was inevitable.
Another example of a transition from cool-water to warm-water platforms occurred to 
the north in the Gulf of Papua which is underlain by an extensive Eocene to Miocene 
carbonate platform (Fig. 5.38). The Eocene platform is made up of a cool-water 
assemblage and is succeeded by a Late Oligocene to Miocene warm-water platform 
(Davies et al., 1987; Pigram et al., 1989; 1990). The Borabi reef trend which forms the 
eastern edge of the warm-water platform is located approximately 80 km inboard from the 
Eocene shelf edge. The spatial separation in this case may also be due, in part, to tectonic 
effects caused by the coincident development of a foreland basin which lead to an increase 
in subsidence and hence may have contributed to the backstepping of the warm water 
platform.
The question arises as to how characteristic of a cool to warm water transition is this 
marked shift in the location of the carbonate factory? The examples of this separation 
discussed above have occurred in environments in which local factors may have had a 
controlling influence. However, the fact that the biota which build these platforms prefer 
quite different environments suggests that the spatial separation may be inevitable and in 
fact characteristic of such a transition.
The biota that contribute to the development of the cool-water platforms prefer to live in 
an outer shelf to upper slope environment in water depths of 80 to 150 m. On low to 
moderate energy shelves this environment is below storm wave base but may fall within 
storm wave base on high energy shelves such as the southern Australian margin (James 
and Von der Borch, 1991). By contrast warm-water platforms are initiated in relatively 
shallow water (maximum of 25 m depth) but quickly build to sea level and the high 
productivity areas remain within a few meters of the surface for the life of the platform.
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Given that warm-water platforms require shallow water to be initiated and cool-water 
platforms prefer deeper water it would require a significant relative lowering of sea level 
to allow a wann-water platform to use a cool-water carbonate platform as a pedestal. Once 
established during the relative lowstand the platform would then have to keep up during 
the subsequent rise. While this scenario is possible, the extreme contrast in preferred 
environments suggest that some spatial separation of the two types of platforms is likely in 
situations where a warm water platform immediately succeeds a cool-water platform. The 
amount of spatial separation, will however, be dependent on the width and gradient of the 
shelf, and gradient or profile of the hinterland, and relative changes in sea level. The 
Marion Plateau situation may be an extreme example of spatial separation because of the 
very low gradients across the plateau which allowed the entire plateau to be flooded. On 
narrow shelves with steep hinterlands the potential for spatial separation will be much less 
because there will not be lateral space available for large migrations of the coastline and 
other environments. Figure 5.39 illustrates, schematically, two examples of what a cool to 
warm water platform transition would look like in terms of the geometry of the platform. 
Figure 5.39A shows the architecture for a cool water platform that has developed below 
storm wave base and Fig. 5.39B shows it for a cool water platform that has evolved within 
the influence of the storm wave base zone.
Discussion and Implications
The transition from cool-water to warm-water platforms on the Marion Plateau is 
characterised by a major change in the architecture of the platform and by spatial 
separation of the platforms. The cool-water-platform is characterised by broad, stacked 
mounds draped across the palaeoshelf break whereas the warm-water platform is typically 
a broad thick sheet with marginal slope facies forming a peripheral wedge on the seaward 
side.
The spatial separation of the platforms on the Marion Plateau is approximately 130 km. 
While this may be an extreme example of such a separation, the conditions which favour 
the development of each kind of platform suggest that some spatial separation of the 
platforms such that the warm-water platform is always initiated in a position inboard from
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the cool-water platform, is likely and probably characteristic of a temperate to tropical 
transition. Given the appropriate conditions it is always possible that the warm-water 
platform may prograde across the cool-water platform and bury it.
This type of change in platform type is most likely to occur when a platform is in an 
environment that is marginally suitable and during periods of relative climate instability 
such as periods of glacioeustatic fluctuations. Whereas movement in and out of the tropics 
as a consequence of plate movement may exert a long term change in depositional style 
(eg Davies et al., 1987) relatively short term changes in palaeoceanography due to waxing 
and waning of ice sheets are more likely to induce this transition at sites that near to 
oceanographic boundaries.
The Late Oligocene to Early Miocene cool water platform of the Marion Plateau is, in the 
nomenclature of Read (1984), a distally steepened ramp, whereas the MP2 or warm-water 
platform was a rimmed shelf. The transition from one to the other is indicated as possible 
evolutionary trend by Read (1984) without any discussion of why such a transition might 
occur. The change in architecture of the Marion Plateau platforms during the Early 
Miocene is an example of the transition suggested by Read (1984). This change on the 
Marion Plateau was bought about by a change in surface water conditions from cool to 
warm water. This example of a cool to wann water transition raises the possibility of 
identifying the palaeoenvironment conditions (ie surface water conditions) under which 
carbonate platforms developed during the Mesozoic and Palaeozoic based on the form or 
architecture of the platform and the nature of the transition, as well as from the biota. The 
interpretation of a platform as being of cool water origin would lead to very different 
palaeogeographic reconstruction of a region or basin compared to interpreting it as warm 
water platform. It would also lead to quite different predictions regarding both the facies 
distribution within the platform and its diagenetic behaviour.
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Figure 5.39. Schematic drawing illustrating the change in platform architecture and spatial 
separation the accompanies the transition from cool to warm water carbonate platforms for 
platforms that have developed below storm water wave base (A) and within its influence 
(B).
CHAPTER 6
UPPER OLIGOCENE AND MIOCENE SEALEVEL RECORD - 
EVENT STRATIGRAPHY AND AMPLITUDE CALIBRATION
"We urgently need reliable, quantitative information, particularly on the amplitude and 
timing of major oscillations in global sealevel" COSOD II, 1987.
6.1 INTRODUCTION
The publication of an onlap/offlap curve by the Exxon Production Research (EPR) 
(Vail et ah, 1977) rekindled an interest in eustacy because models of sea-level change 
have implications for many branches of the earth sciences (COSOD II, 1987). Using 
seismic stratigraphic methods Vail and his colleagues developed techniques for 
determining the timing and amplitude of relative sea-level changes from onlap patterns 
observed on seismic sections. By comparing relative sea-level curves from different 
basins they obtained an estimate of global sea-level change. The amplitude of the 
original coastal onlap curve was calibrated by reference to Pitman's (1978) first order 
curve based on ocean ridge volume calculations and had amplitudes of up to 300 m for 
second order cycles. The curve has since been modified and the latest version (Haq et 
al., 1987) has a maximum amplitude of 225 m for second order cycles. Initially, an 
estimate of the relative change in sea- level was obtained by measuring the downward 
shift in onlap (Vail et al., 1977) but it has since been shown by modelling (Pitman, 
1979) that the downward shift in onlap is a function of the rate of sea-level fall and 
therefore provides little information about the magnitude of eustatic sea-level fall.
In a paper comparing the Cainozoic oxygen isotope record with the EPR global sea­
level chart, Williams (1988) shows the good correlation between the timing of major 
shifts in the oxygen isotope record and the major fluctuations in sea-level implying that 
eustacy is a primary control in both the isotopic signal and depositional patterns. There 
is, however, little agreement between estimates of the magnitude of sea- level change 
derived from either method (Williams, 1988). Using a calibration factor derived from 
Pleistocene fluctuations in sea-level Williams (1988) estimated that the Oligocene and
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Middle to Late Miocene falls in sea-level had amplitudes no greater than 50 m 
compared to the values of over 150 m on the most recent sea-level curve of Haq et al., 
(1987). It appears therefore that while both seismic stratigraphic techniques and the 
oxygen isotope record provide evidence for the timing of sea-level fluctuations, 
estimates of amplitude remains largely conjectural (Moore et al., 1987; Burton et al., 
1987).
The establishment of a eustatic sea-level curve has major implications for global 
stratigraphic correlation and basin analysis, and defining the amplitude of such a curve 
remains one of the major challenges in sea-level research (COSOD II, 1987; Sahagian 
and Watts, 1991).
The Marion Plateau has several characteristics which ensures that it has a sea level 
record preserved within its sedimentary record. The plateau has subsided slowly and 
has behaved as single structural unit throughout the Oligocene and Miocene. 
Consequently, as this period was one in which the rates of sea level fluctuations where 
relatively rapid, the platforms should contain a strong eustatic signal. Furthermore the 
signal is recorded by carbonate sediments which are very sensitive to water depth and 
hence are exceptional sea level indicators (Kendall and Schlager, 1981; Davies and 
Montaggioni, 1985). In the following analysis it is assumed that the warm water 
platforms have been deposited during rising and highstand phases of a eustatic sea 
level cycle and that the unconformity at the top of each platform growth phase was 
caused by a fall in eustatic sea level. The exception is the unconformity at the top of 
MP3 which appears to be a drowning unconformity.
In this Chapter I examine the record of carbonate platform growth and define an 
event stratigraphy for the Late Oligocene and Miocene period and analyse the 
highstand/lowstand relationship between MP2 and MP3 which records the amplitude 
of the Middle to early Late Miocene second order eustatic fall sealevel. Finally the sea 
level events recorded on the Marion Plateau are compared to the sea level curve of Haq 
et al., (1987).
6.2 EVENT STRATIGRAPHY
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6.2.1 MP1 - ?Late Oligocene -Early Miocene
The MP1 platform contains five stages of growth as expressed by the individual 
mounds that make up the platform (Fig. 5.6). In Figure 5.3£ each of these mounds is 
referred to as stratigraphic event and labelled MPla - MPle from the oldest to 
youngest. The position of each mound has shifted through time. The first mound is 
located in the most seaward position in the platform with mounds 2 and 3 located 
further inboard. Mound 4 is located seaward from mound 3 and mound 5 is again 
located further inboard. This change in the location of each mound suggests some 
episodic control on their development. Without samples it is not possible to determine 
what may have controlled the episodic development of MP1 but there is a clear event 
stratigraphy. In Figure 6.9 it has been assumed that the event stratigraphy of MP1 
reflects the influence of relative sea level on the timing and location of phase of mound 
development so that there are five highstand events for the Late Oligocene to Early 
Miocene period.
6.2.2 MP2 - Early -Middle Miocene Sea Level Fluctuations
Once a warm water carbonate platform is established and providing surface water 
temperatures and other oceanographic factors remain relatively stable and there are no 
large changes in the rate of subsidence, the principal control on the platforms 
subsequent development is relative sea level (Longman, 1981; Davies et al., 1989).
The gross architecture of MP2 strongly reflects the influence of relative sea level 
fluctuations. The number of phases of platform deposition and the spatial relationship 
of each phase records the number of sea level cycles and the relative position of each 
highstand respectively.
The platform has four major phases of development (Chapter 5) labelled as MP2a- 
MP2d in Figure 5.3 5\ Each of these phases is assumed to have been deposited during 
the rising and high stand part of a sea level cycle. The falling sea level part of each 
cycle is assumed to have shut down carbonate production on top of the platform. On 
this basis the development of MP2 suggests that there were four fluctuations in sea 
level (probably third order cycles) during the period from late Early Miocene (N.7) to
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Middle Miocene (?N.10). The age of each of the cycles is not known because they 
have not been sampled.
The progradational nature of the platform edge facies and marginal slope facies of 
MP2 records the space available for each phase of deposition and records the relative 
position of each highstand in relation to the preceding one. These relationships for 
MP2 suggests that the relative sealevel curve for the period of growth of MP2 was 
characterised by four cycles in which the highstand of each succeeding phase was only 
slightly higher than the level attained in the preceding highstand. In Figure 5.19 the 
second phase of platform growth (MP2b in Figs. 5.36 and 6.9) was initiated on the 
slope of the first phase, in a position below the top of the platform and then built to a 
highstand position above the top of phase 1. Similarly, for phase 3 has the same 
relationship to phase 2. This implies that each cycle had a highstand position that was 
only a little higher than the preceding one. In Figure 6.9 the position of each high stand 
is drawn to reflect these relationships.
On the northern margin of the MP2, late Middle Miocene (N.12) neritic limestone 
was recovered at ODP Site 815. Assuming this rock was in situ, backstripping of the 
location shows that it was deposited below the top of the MP2 platform during a 
relative fall in sea level. These rocks are assumed to have been deposited on the slope 
of MP2 during a third order relative rise in sea level which was superimposed on 
second order fall. For these reasons an event labelled MP2e is show in Figure 6.9 
opposite N.12 zone.
The MP2 platform probably contains a good record of the sea level events that have 
occurred during its life time. With appropriate sampling it would be possible to date 
each of the fluctuations in relative sea level identified above. In Figure 6.9, which 
shows the sea level curve for the Miocene derived from this region, the MP2 part of 
the curve is shown as a series of high stands because, on the data available, it is not 
possible to identify the position of the lowstands or quantify the amplitude of each of 
these cycles.
6.2.3 MP3 - Late Miocene sea level signature
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Megasequence C contains, in both the MP3 platform and the sediment packages 
preserved on the northern slope of MP2, a record of sea level fluctuations during the 
Late Miocene. MP3, like MP2 is made up of several growth phases that record the 
rising and highstand part of sea level cycle. In the case of MP3 four growth phases 
indicate four of these cycles (Fig. 5.2?). The only record of the lowstand appears to be 
the unconformity that defines the top of each sequence. Like MP2, MP3 has a good 
record of the event stratigraphy for the Late Miocene, but this record can only be 
recovered by drilling and analysis of the samples. On the other hand, the Late Miocene 
platforms on the northern margin of MP2 also preserve a relative sea level signature, 
but because of the backstepping nature of each platform it is possible to identify the 
top and bottom to each sequence and extract the relative sea level signature. This 
analysis is also aided by sampling from ODP Site 815 which provides the age and 
facies control that assisted in unravelling the complexities of sequence boundary 
development along this margin.
In Chapter 5.23.1 the development of unconformities and consequently sequence 
boundaries, on the slope of a carbonate platform during a second order fall and rise in 
sea level was analysed. In this analysis it was shown that, for the types of sediments 
deposited, it was unlikely that the seismic tool would be able to see all of the 
unconformities develop. Such margins are likely to be characterised by well developed 
lowstand unconformity as the only identifiable signal of the fall in sea level with a 
series of backstepping or transgressing sequences onlapping it. Each of these 
sequences was deposited during a third order sea level fluctuation. Using this model, it 
is possible to interpret the northern margin of MP2 and break out the sequences to 
explain the distribution of facies, palaeoenvironments and unconformities intersected 
at Site 815. It is also possible to then use this model to extract the sea level record for 
the Late Miocene.
Figure 6.1 is a line drawing of BMR lines 27C and the southern part of BMR line 28 
combined to make a transect across the margin of MP2 near Site 815. Using the model 
for sedimentation on a carbonate platform slope generated in Chapter 5.2.1 each of the 
sequences that onlap the lowstand unconformity have been mapped. Based on the
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results of the drilling at Site 815, these sequences consist of a proximal carbonate 
platform and distal hemipelagic sediments. Each platform has been labelled PI, P2 and 
P3 and each of the unconformities that form a sequence boundary labelled ul, u2, u3.
It has been assumed that unconformity ul, for example, was formed by a relative fall 
in sea level after platform PI had been deposited during a rise and highstand of relative 
sea level.
To extract the sea level record the following procedure was used:
1) The thickness of each carbonate platform (Pl-P3)was measured and assumed to 
record the amplitude of each relative sea level rise. The thickness of PI, P2 and P3 was 
measured in TWT to give relative sea level rises (PI = rise 1 in Table 6.1). These 
values were converted to meters using a velocity of 2700 m/sec based on the sonic log 
from ODP Site 815 (Shipboard Scientific Party, 1991). Several other assumptions 
were made to obtain the values of the sea level rises including:
• that each platform had cemented rapidly and that no decompaction was 
necessary;
• the platform built to sea level so that no palaeowater depth correction was 
needed.
2) To obtain a value for the amplitude of each fall, the vertical distance between the 
top of each platform and the lowest point on its bounding unconformity was measured 
in TWT (fall 1 is the vertical distance between the top of PI and the lowest point on 
Ul) (Table 6.1). As the falls were measured in that part of the section that consists of 
hemipelagic sediments a velocity value of 2200 m/secs was used based on the velocity 
of the hemipelagic sediments at equivalent depths in 815 (Shipboard Scientific Party, 
1991a) was used to convert TWT to metres.
During deposition, the weight of the sediment creates its own subsidence and hence 
accommodation. Therefore the thickness of the platforms is not only a measure of both 
the relative sealevel rise due the combined effects of tectonic subsidence and eustatic 
sealevel, but also a subsidence component due to sediment load. The raw values for the
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Figure 6.1. Line drawing of the northern edge of MP2 near the ODP transect showing 
the development of Late Miocene sequences and the measurements taken to calculate 
the sea level curve for this region. PI, P2 and P3 refer to the platforms deposited 
during rising and sea level highstand, ul, u2, u3 are lowstand unconformities. See 
Table 6.4 and text for explanation.
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event time
msecs
thickness
m
sed.load
correction
value
rii
rise 1 (pi) 150 202 0.475 101
fall 1 (pl-ul) 100 110 0.500 -55
rise 2 (p2) 215 290 0.475 138
fall 2 (P2-u2) 60 66 0.500 -33
rise 3 (p3) 200 270 0.475 128
fall 3 (p3-u3) 120 132 0.500 -66
Table 6.1. Parameters used to determine the amplitude of Late Miocene sea level 
fluctuations recorded in the sequences on the northern margin of the Marion Plateau.
amplitude of each event were corrected for sediment load effects by multiplying tire 
density contrast factor (pm - ps)/pm - pw) taken from the equation for Airy isostatic 
(see Appendix 3.1) backstripping (pm = density of the mantle; ps = density of the 
sediment; pw = density of water). For the limestone's ps = 2.27 g/crrU; for hemipelagic 
sediments ps = 2.21 g/c\r? were used. The relative values for each fluctuation are 
shown in Table 6.1 in the far right hand column. Negative numbers are sea level falls. 
The relative sea level curve for this transect is constructed by plotting the values for 
each rise and fall starting with PI (Fig. 6.2). As the timing of each fluctuation is 
unknown, the Upper Miocene has been divided into four equal parts. The top of the 
first relative rise is plotted at 101 m above an arbitrary zero point. Then moving half of 
one time unit to the right, the base of the lowstand is positioned 55 m below the first 
point. Moving across another half time unit the second rise is placed 138 m from the 
position of lowstand 1 and so on. Having defined the positions of each of tire 
highstands and lowstands they are joined in a sinusoidal pattern to produce a relative 
sea level curve (Fig. 6.2). The curve shows three fluctuations in relative sealevel. The 
fourth rise is shown as a dashed line because it corresponds to the rapid relative rise 
that led to plateau drowning in the Early Pliocene. The curve shows that the slope of 
the platform has preserved a good record of sea level events through the Late Miocene. 
To obtain a eustatic curve this relative curve must be corrected for tectonic subsidence.
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Figure 6.2. Sea level curve fo r the Late Miocene derived from  the platforms deposited 
on the northern slope o f MP2. See text fo r an explanation o f how this curve was 
constructed.
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Sea level curves of the type generated here can be produced for many locations 
around the world and this is indeed what Vail et al; (1977) and Haq et al., (1987) have 
done. To extract the eustatic signal the problem has always been to find a method for 
separating and independently calculating the subsidence component from the sealevel 
component. The problem is one of a frame of reference (Sahagian and Watts, 1991) 
and none have been recognised that allow us to achieve this aim. Without drilling data, 
one way to estimate the average rate of tectonic subsidence for the region is to 
examine the average rate of subsidence for the Marion Plateau since it was flooded in 
the Early Miocene.
The basement on the northern edge of the plateau is covered by about 1000 m of 
carbonate sediment and is in 400 m of water. About 400m of subsidence occurred 
during the Early Pliocene so that the plateau underwent 1000 m of subsidence between 
the late Early Miocene and the Early Pliocene, a period of 13 My. Using backstripping 
formulae approximately half this subsidence was due to the sediment load. Therefore 
the total tectonic subsidence was approximately 500 m at an average rate of tectonic 
subsidence of 38 m/My (say 40 m/My) during the Middle and Late Miocene.
Correcting the relative sea level by extracting the tectonic subsidence component, 
leaves a sea level curve as shown in Figure 6.2. The curve produced by this method 
shows the rising second order sea level curve of the Late Miocene to have three third 
order cycles. The last cycle (P3) corresponds to the Late Miocene N.17 shallow water 
platform intersected in 815. It shows that there were at least two other cycles preceding 
it. The age of these cycles are not known. The curve is drawn off scale in the early 
Pliocene because of the drowning of the MP2 platform at this time. This event 
corresponds to the major unconformity seen on the seismic data and corresponds to the 
base of Unit II at Site 815 which has neritic sediments at the base. The relative sea 
level curve rises sharply as a consequence of a pulse of subsidence that overrides the 
eustatic signal.
The curve is not a true eustatic curve because the timing of each fluctuation is not 
known and the amplitudes have not been corrected for compaction effects of the 
sediments within and below each package. Nor has the effect of palaeo-water depths at
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the time of deposition of each package been allowed for. However, the method does 
show that the slope of the platform records a strong sea level signature particularly 
with regai'd to the timing of sea level fluctuations during a second order rise and fall.
6.3 MIDDLE TO LATE MIOCENE SEA-LEVEL FALL - AMPLITUDE 
ANALYSIS
There have been several attempts to calibrate the amplitude of glacio- eustatic events 
using a variety of techniques ranging from modelling of sedimentary depositional 
regimes, calibration of the oxygen isotope curve so that the sea-level component can be 
extracted, and analysis of the depositional history of carbonate sediments on atolls. 
Estimates of the amplitude of eustatic events derived from non seismic stratigraphic 
techniques suggest that the amplitudes proposed by Vail and Hardenbol (1979) and 
Haq et al., (1987) for second order cycles are exaggerated by a factor of three (Major 
and Matthew's, 1983; Watts and Thome, 1984; Miller et ah, 1987; Williams, 1988). 
These authors suggest that the maximum amplitude was likely to be of the order of 50 
m. On the other hand estimates of the magnitude of Tertiary glacio-eustatic changes 
derived from an analysis of the depositional history of carbonates on atolls (Schlanger 
and Premoli-Silva, 1986; Halley and Ludwig, 1987; Lincoln and Schlanger, 1987,
1991; Moore et ah, 1987) tend to fall in the range of 80 to 180 in. The theoretical 
maximum range for the amplitude of glacio-eustatic events is 150 - 250 m (Pitman, 
1978) based on melting all the ice held at the poles and in continental glaciers. These 
analyses give a wide range of results but as Sahagian and Watts (1991) have pointed 
out, "while there is often agreement between independent data sets regarding the timing 
of sea-level events, there is little precision or even agreement about the magnitude of 
these events."
Most of these methods have failed to accurately define the amplitude of sea-level 
because of uncertainties in defining the subsidence regime at the sites investigated. 
Furthermore in the case of atolls it is difficult to define the lowest most point during a 
sea-level lowstand. Use of oxygen isotopes to calibrate the amplitude remains a 
problem because the other factors which control the partitioning of oxygen of isotopes
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through time - water temperature and ice volume - are themselves poorly defined.
Solving this problem is essential to defining the eustatic history of the oceans 
throughout time and the solution will have a substantial impact on stratigraphy and 
global correlation. Estimates of the magnitude of sea-level fluctuations by methods 
other than those of Vail and his colleagues and for periods other than the Quaternary 
are rare (Hallam, 1984). It also seems unlikely that any one method will allow the 
determination of the magnitude of every proposed fluctuation. I believe, however, that 
it is possible to obtain an absolute measure of sea-level change for a few times in the 
geological record, and these can then be used to calibrate a eustatic curve.
Shallow water carbonate platforms contain a very precise sea-level signature 
(Kendall and Schlager, 1981; Davies and Montaggioni, 1985) and generally undergo 
minor compaction. Such deposits therefore hold the key to defining the amplitude of 
sea-level oscillations during their growth and therefore provide the means by which a 
eustatic curve can be calibrated.
On the Marion Plateau MSC represents a major seaward shift in deposition and MP3 
has lowstand relationship with MP2. This relationship developed as a consequences of 
a second order fall in sea level during the late Middle Miocene to early Late Miocene 
which corresponds to the composite fall between 14 and 10.2 My on the sea- level 
chart published by Haq et al., (1987).
Reported here are the results of a study of the absolute amplitude of the Middle to 
early Late Miocene eustatic fall in sea-level because this information will allow 
calibration of the amplitude of Neogene sea-level fluctuations. On the Marion Plateau 
this event is a true measure of the amplitude of the sea-level curve because it is 
possible to remove the effect of subsidence and hence extract the eustatic signal. This 
result is significant because by obtaining the absolute amplitude of this fall it becomes 
possible to calibrate the Neogene eustatic sea-level curve for the first time. 
Furthermore it provides another control point on the calibration of the oxygen isotope 
curve and allows the questions of temperature effects and ice volume to be addressed.
6.31 SEA-LEVEL SIGNATURE
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To be able to measure the magnitude of sea-level fall that led to development of the 
carbonate lowstand wedge (MP3), it is necessary to define the point from which sea- 
level began to fall and the lowest point reached during the lowstand. The difference 
between these two points is the amplitude of the fall. The minimum starting point, 
which represents the position of sea-level prior to its fall, is defined by the top of the 
MP2 platform. This is because sea-level must have been at or above the upper surface 
of the platform to enable to it to grow. Therefore the top of the platform marks the 
minimum position of sea- level at the end of the high stand.
The position of sea-level during the subsequent lowstand is defined by the 
palaeowater depth at the time that the first sediments were deposited in the shallow 
water carbonate lowstand wedge (MP3).
However, even with the starting and end points defined, this is not eustatic unless 
corrections for subsidence are made. This is the case on the Marion Plateau because the 
MP2 and MP3 phases of platform growth occurred along strike. Therefore, there are 
sites in both platforms where deposition has occurred under identical subsidence 
regimes (see below). Consequently, while the shift in deposition from the top of MP2 
to the lowstand systems tract position is a function of the interaction of subsidence 
rates and the rate of change of sea-level fall, it is, in this case, a measure of the true 
amplitude of the eustatic fall that caused the shift in the loci of deposition because of 
the identical subsidence regimes.
To measure correctly the amplitude of the sea-level fall, it is necessary to restore the 
section to its state at the time of the lowstand (Fig. 6.3C). This requires that all of the 
post MP2 sediments and the present day water load be removed by backstripping the 
section so that the plateau is restored to a position where the MP2 phase had been 
deposited but exposed by the fall in sea-level (Fig. 6.3B). In the following section the 
backstripping of the plateau is carried out and the estimates of the amplitude of the 
eustatic fall calculated.
6.32 BACKSTRIPPING
To backstrip the section it is assumed that the sediments were deposited on an Airy-
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type crust which responds locally to isostatic loading. The equation
W = D + (Pin - Ps)/(Pm ” Pw) * ^ Formula 1
was used to remove the sediment cover. W is the water depth after removing sediment 
S meters thick. pm, ps, and pw are the density of the mantle, sediment and water 
respectively and D is present water depth. To backstrip in air formula 2 was used.
Z = W • (pm - pw/(pm) Formula 2
where Z is the position of the surface in air after backstripping.
Two sites were chosen for backstripping: (1) a site within the lowstand system tract 
(MP3) was chosen where it was clear that the initial shallow water phase was resting 
directly on the bathyal portion of the preceding highstand system tract (MP2) (Site 2, 
Fig. 6.4 & 6.5#) and (2) the shallowest point on the top of MP2 along strike from Site 
2 (Site 1, Fig. 6.4 & 6.5 ft). The details of the relationship of these two sites, their 
water depth and sediment thickness are illustrated in a schematic cross section in 
Figure 6.6. Present day sea-level is used as the datum throughout the calculations.
Neither of the sites has been drilled, so estimates of the sediment thickness are 
derived from seismic velocities. The parameters used and assumptions made for each 
site are discussed below.
6.3.2.1 Site 1
At Site 1, the top of the MP2 platform is overlain by sediment 80 msecs thick and is 
in 277 m of water. An interval velocity of 1600 m/sec, derived from stacking 
velocities, was used to calculate the thickness of the cover sediment (Fig. 6.6). A 
density of 1.8 g/cm^ for the sediments was used in the backstripping.
Using these parameters to remove the cover sediment and water load restores the top 
of the platform to position 224 m below the datum (Fig. 6.6C). This positions marks 
the minimum position of sea-level during the Middle Miocene prior to its fall.
A. EOCENE-OLIGOCENE Plateau exposed
B. EARLY-MIDDLE MIOCENE Plateau f l o o d e d -
p la t fo rm depos i ted
SL
C. EARLY LATE MIOCENE Sea level fa l l -
MP3 in i t iated on basinal  
fac ies o fM P2
MP3 p la t fo rm depos i tedD. LATE MIOCENE-PLIOCENE
SL
E. PLIOCENE-QUATERNARY Plateau drowned
SL
2 3 / 0 0 / 2 6 9
Figure 6.3. Schematic history of deposition for MP2 and MP3 phases of the Miocene 
to Pliocene carbonate platform deposition on the Marion Plateau illustrating tire 
lowstand nature of the initial phase of MP3.
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63.2.2 Site 2
At Site 2 the MP3 platform has to be removed. At Site 2 it is 400 msecs thick and is in 
300 m of water. The thickness of the sediment at this site was determined for a range 
of velocities from 2000 m/sec to 3500 m/sec (Table 6.2). This gives a range of 
thicknesses for S at site 2 of 400 to 700 m. The site was then backstripped using a 
density appropriate for each velocity and hence each thickness (Table 6.2). The 
densities where obtained from a Knafe-Drake curve (Knafe and Drake, 1963). The 
restored position of the surface on which MP3 was initiated ranges from 352 m to 427 
m below the datum (Z in Table 6.2).
The difference between the values of Z and the restored top of MP2 (Z - 224 m) is an 
uncorrected estimate of the eustatic fall. This value ranges from 128 m to 203 m 
(Table 6.2).
While Table 6.2 illustrates how an estimate of the magnitude of the this eustatic fall is 
affected by varying the parameters, it is necessary, if we are to obtain a useful value 
for the magnitude of the eustatic fall, to obtain reasonable values for the velocity.
Preferred Velocities
The selection of reasonable values for the velocity of the MP3 sediments was carried 
out in four ways.
1) Interval velocities obtained from stacking velocities for both the MP2 and MP3 
platforms were examined. An average interval velocity of 2500 m/sec was found to be 
typical.
2) A seismic refraction study of the pre-Holocene carbonate basement of the Great 
Barrier Reef (Harvey, 1980) found that the basement velocity, averaged over 30 reefs, 
was 2470 m/sec with a range from 1930 m/sec to 3350 msec.
3) Downhole logging results from ODP site 816 which drilled into the top of MP2. 
This velocity profile has two distinct levels. The upper part of the platform averages 
2500 m/sec (with a range from less than 2000 m/sec to over 4000 m/sec). The section 
below, from 163 mbsf to TD, averages 3100 m/sec (with a range from 2750 m/sec to 
3750 m/sec) (Shipboard Scientific Party, 1991).
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CARBONATE PLATFORMS
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Figure 6.4. Map showing the distribution of shallow water facies of the MP2 and MP3 
phase of carbonate platform growth on the Marion Plateau. Note the slope and bathyal 
facies are not shown. The location of ODP sites 815, 816 and 826 and dredge sites are 
shown. Sites 1 and 2 are the two positions that were backstripped to obtain an estimate 
of the magnitude of the Middle to Late Miocene eustatic fall in sea-level.
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Figure 6.5. Seismic data illustrating the character of the carbonate platforms at Sites 1 
and 2. A. Seismic section and line drawing of Site 1 (BMR Line 75/25).
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Figure 6.5H. Seismic section and line drawing of Site 2 (BMR Line 75/64).
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4) By examining literature on the velocity of other Miocene limestone's. The velocity 
of Miocene limestones in the Gulf of Papua to the north typically have values in excess 
of 2800 m/sec (Law, 1971). By comparison velocities for limestones quoted in 
geophysical texts tend to be in excess of 3000 m/sec. However those values tend to be
velocity
m/sec
sediment 
thickness 
(S) m
sediment
density
g/cm3
backstripped 
position - Z
Aslfall
Z-224
m
2000 400 2.19 352 128
2100 420 2.20 357 133
2200 440 2.21 363 139
2300 460 2.22 368 144
2400 480 2.23 374 150
2500 500 2.24 380 156
2600 520 2.25 385 161
2700 540 2.26 390 166
2800 560 2.27 395 171
2900 580 2.28 400 176
3000 600 2.29 405 181
3100 620 2.30 410 186
3200 640 2.31 415 191
3300 660 2.32 419 195
3400 680 2.33 423 199
3500 700 2.34 427 203
Table 6.2. Uncorrected estimates (Aslfall) of the magnitude of the Middle to early 
Late Miocene eustatic sea-level fall. The range in values reflects the range of 
thicknesses (S, based on a range of interval velocities) and densities used in the 
backstripping procedure. See Figure 6.6 for the pre and post backstripping relationship 
between Sites 1 and 2. Z = the level of the surface on which MP3 was deposited after 
the sediment and water loads have been removed. Z is positioned relative to a present 
day sea-level datum. Aslfall = uncorrected estimate of the magnitude of the Middle to 
late Miocene sealevel fall. This value is the difference between the restored top of 
MP2 (214 m below sea-level datum) and the restored surface on which MP3 was 
initiated (Z).
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Figure 6.6. Schematic section between Sites 1 and 2 illustrating the backstripping 
procedure and the parameters used in formula 1 and 2. An example has been carried 
through each phase to illustrate how the numbers in Table 6.2 have been generated. 
Note that as Z varies as a function of S and p5 so ASL w ill vary.
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for Mesozoic and Palaeozoic limestones that have undergone considerable burial 
and/or diagenetic effects (Dobrin, 1976).
Using this information it would seem that velocities in the range of 2500 to 3000 m/sec 
are most likely. Consequently from Table 6.2 the corresponding range in uncorrected 
values for the amplitude of the Middle to Late Miocene eustatic fall in sea-level is 156- 
181 m.
6.3.4 CORRECTIONS
To obtain the precise value for the magnitude of the Middle to early Late Miocene 
eustatic fall in sea-level it is necessary to correct the raw figures in Table 6.2 for the 
effects of compaction, erosion, subsidence and palaeowater depth at Sites 1 and 2.
6.3.4.1 Compaction
For this preliminary analysis the effects of compaction within MP2 and MP3 were 
ignored based on two assumptions: (1) the platforms were rigid due to early 
cementation (Chapter 3) and (2) the platforms have not been significantly buried. 
However, it is likely that some compaction has occurred and the effect of this 
compaction on the analysis are considered here.
For Site 1, compaction of the MP2 platform has the effect of reducing the thickness 
MP2. This in turn, has the effect of lowering the position of the top of the platform 
thereby underestimating the position of sea-level immediately prior to the fall. 
Decompacting MP2, thereby raising the position of the top of the platform, will 
increase the estimate of the magnitude of the eustatic fall.
For Site 2, compaction effects in the MP3 platform are allowed for in the 
backstripping through the density parameter. However, compaction effects in the 
sediments that lie between the MP3 platform and the basement effect the restoration of 
the site on which MP3 was initiated. These sediments are approximately 100 msec 
thick and consist of two sequences. The older sequence was deposited during the 
?early Miocene flooding of the plateau. The overlying sequences is the bathyal section 
equivalent to the MP2 platform. These sediments have undergone compaction due to
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the load applied by the deposition of the MP3 platform. Therefore the top of this 
section at Site 2 is now deeper than it was prior to its loading. To establish the correct 
position of the surface on which MP3 was initiated these sediments must be 
decompacted.
If we assume that these sediments are 125 m thick at Site 2 and that they have been 
compacted by 25% then there original thickness was 156 m. Therefore the position of 
the site on which MP3 was initiated was 31m shallower than the position used in the 
analysis.
As the example above illustrates, decompacting the sediments beneath MP3 will 
raise the level of the surface on which MP3 was initiated and reduce the estimate of the 
eustatic fall in sea-level. Decompaction therefore has opposing effects at each site and 
precise data (from sampling) are required if these corrections are to quantified.
6.3.4.2 Erosion
The top of the MP2 platform is an erosional surface. The diagenetic history of the 
sediments recovered from the platform show that it has been subjected to subaerial 
exposure (see Chapter 3). The dissolution and erosional effects of exposure must have 
removed some of the section from the top of the platform. Therefore the present day 
top of MP2 is lower than the original upper surface of the platform. This introduces an 
eiTor in determining the correct position of sea-level immediately prior to the fall. 
Estimating how much of the section has been removed is a complex problem and 
difficult to accurately estimate. I have not attempted to quantify it. However this 
correction is very important because it ensures that by using the present day top of the 
MP2 platform the true amplitude of the fall in sea-level will be underestimated.
6.3.4.3 Subsidence
The inability of most researchers to remove the effects of subsidence from relative 
sea-level signatures is the reason why the amplitude of eustatic fluctuations in sea-level 
has not been quantified. On a subsiding passive margin or atoll, shifts in sea-level 
occur because of a change in the rate of sea-level rise or fall. Each change in rate will
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tend to move the position of sea-level toward an equilibrium point where the rate of 
change of sea-level equals the rate of subsidence (Pitman, 1978). However any shift in 
sea-level that occurs between two sites of equal subsidence is an accurate record of the 
magnitude of the eustatic change.
The Marion Plateau is part of an upper plate margin (Symonds et ah, 1988) that is 
not structurally compartmentalised and therefore behaves as a single structural entity.
For the difference between the top of MP2 and the site of initiation of MP3 to be a 
true measure of the amplitude of the fall in sea-level it is necessary to show that there 
has been no differential subsidence between the two sites. As the basement surface of 
the Marion Plateau is a planated surface, the depth to basement contours are in effect 
iso-subsidence lines (Fig. 2.1). Figure 2.1 shows that subsidence increases to the north 
and east so that maximum subsidence has occurred in the northeast corner of the 
plateau. There is a hypothetical northwest-trending hinge line for this subsidence, 
located beneath the Great Barrier Reef shelf. Sites 1 and 2 are located along strike and 
parallel, respectively, to the hinge line. The lack of structural zone, hinge line or a 
basement gradient between the two sites supports the argument that the sites have 
undergone similar subsidence.
To further test that no differential subsidence has occurred between the two sites, they 
were backstripped to basement (Fig. 6.7). The present day depth of basement beneath 
MP2 was 941 m compared to 951 m beneath MP3. After backstripping the respective 
positions were 513 m for MP2 and 507 m for MP3. This shows that the basement 
surface beneath the two platforms started and ended at an almost identical positions 
despite the fact that the loading due to the platforms was applied at different times. 
MP2 was deposited during the Early to Middle Miocene and MP3 during the Late 
Miocene. This implies that during the Miocene to Recent, the tectonic mechanism 
driving the subsidence of the plateau has effected both sites equally. There has been no 
differential subsidence between the sites.
6.3.4.3 Palaeo-water depth
The uncorrected estimate of the magnitude of the sea-level fall does not take into
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A. E x i s t i n g
SITE 1 SITE 2 SL
MP 2
951 m941 m
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B. Unloaded
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513 m________________________________________________________507 m
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Figure 6.7. Sites 1 and 2 backstripped to basement. Note that the basement level at 
both sites is similar both before and after the removal of the overlying sediments. As 
the sediment loads were added at different times this indicates that the tectonic driving 
mechanism causing subsidence of the plateau has affected both site equally.
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account the paleowater depth at each site. At Site 1, the top of MP2 must have been 
covered with water for the platform to continue to grow. Similarly there must have 
been some water covering at Site 2 for the MP3 lowstand platform to be initiated. 
Therefore a correction must be applied to the estimate of the magnitude of sea-level 
fall to allow for the water cover at each site. The corrections for palaeowater depth at 
each site will tend to act in opposite directions. Any water cover at Site 1 will increase 
the magnitude of the sea-level fall whereas palaeowater depths at Site 2 will reduce it 
(Fig. 6.8).
SITE 1
The MP2 platform is a tropical assemblage (Shipboard Scientific Party, 1991a, b) 
and Site 1 is located in the backreef or lagoonal area of the platform. Facies analysis of 
the proximal lagoon to backreef sediments recovered at Site 816 suggest that they 
where deposited in water depths no greater than 20 m (Shipboard Scientific Party, 
1991b). As Site 1 is a more distal lagoon position on the platform the palaeowater 
depth was probably deeper. If a palaeowater depth of 25 m is used then the starting 
point for sea-level immediately prior to the initiation of the fall in sea-level in the 
Middle Miocene was 25 m above the top of MP2.
However adding a water cover to these sites constitutes the reapplication of a load 
which causes subsidence that must then be allowed for. Using formula 2, the effect of 
adding a layer water of water X m deep causes subsidence of 0.3X m. Therefore the 
position of sea-level will be 0.7X m above previously unloaded surface. Using the 
example above, if the palaeowater depth at Site 1 is 25 m then it will cause the site to 
subside 7.5 m. Therefore the correction for 25 m of water is less than the palaeowater 
depth and is 17.5 m. To summarise the correction for palaeowater depth at Site 1 and 2 
can be expressed as:
SLab = As 1 fall + 0.7MP2pwd - O.IMPSpwd FORMULA 3 
= Aslfall + 0.7(MP2pw<7 - U?3pwd) 
where SL ab is corrected sea-level and MP2pwd and MP3 pwd
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SITE 1 SITE 2
Middle Miocene Sea Level
M1 pwd
La te  Miocene  V 
Sea Level  * A
Ö S L a b =  SSL  + 0 .7  (M1 p wd  -  M2 pwd)
5 SLgb = 5 SL c o r r e c t e d  for  p a la e o w a te r  depths 
5 SL = u n c o r r e c te d  es t im a te  of sea  level fall 
M1 pwd = pa laeo w a te r  depth at s i te  1 
M2 pwd = pa la e o w a te r  dep th  at s i te  2
Figure 6.8. Schematic section between Site 1 and 2 illustrating the effect of correcting 
the raw estimate the magnitude of the eustatic fall in sea- level (ASL) for varying 
palaeowater depths at each site. See text for explanation.
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are the palaeowater depths at Sites 1 and 2 respectively. This relationship is illustrated 
in Figure 6.8.
SITE 2
The nature of the initial sediments at Site 2 is not known because they have not been 
sampled. Consequently the water depth in which they were deposited is not known. 
Therefore the corrections for palaeowater depth at this site have been calculated for a 
range of values from 0 to 100 m and for two thicknesses for MP3 (Table 6.3). This 
range of palaeowater depths covers the possible range for the initiation of a shallow 
water carbonate platform.
The range of values obtained for the magnitude of the eustatic drop in sea-level after 
the corrections for palaeowater depth have been applied range from 104 to 199 m. This 
wide range of values is simply a function of the wide range in values used for the 
palaeowater depth at Site 2. A more reasonable range of values can be obtained if we 
assume that MP3 platform also formed in tropical climate. Such platforms are typically 
initiated in water depths of 25 m or less. Using a value of 25 m or less for the 
palaeowater depth at Site 2 reduces the range to 156 to 181 m.
6.3.4.4 Position of the Lowstand
During the analysis of the level difference between Sites 1 and 2 it was assumed that 
the oldest sediments of MP3 were deposited during the lowest point of the sea-level 
lowstand. If, however, MP3 was initiated either prior to or sometime after the lowest 
position of sea-level then the analysis would again be underestimating the correct 
magnitude of the fall in sea-level.
6.3.5 ERROR ANALYSIS
The analysis of the eustatic fall presented here is based mainly on seismic reflection 
data. To convert this data to depths, requires a number of assumptions and the 
estimation of realistic values for some of the parameters required for the analysis. As 
these values are only estimates they introduce errors into the analysis. To lessen the 
effects of using 'most likely' parameters, conservative values were always chosen so as
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MP3
palaeowater 
depth - in
correction 
0.7 • MP3pwd 
m
eustatic fall 
174 - correction 
m
0 0 174
25 18 156
50 35 139
74 53 121
100 70 104
For S = 500 m; MP2pwd = 25 m
B.
MP3
palaeowater 
depth - m
correction 
0.7 • MP3pwd 
m
eustatic fall 
199 - correction 
m
0 0 199
25 18 181
50 35 164
74 53 146
100 70 129
for S = 600 m; MP2pwd = 25m
Table 6.3. Estimates of the magnitude of the Miocene sea-level fall after corrections 
for a range of palaeowater depths at Site 2. A. MP3 sediment thickness (S) of 500m 
and palaeowater depth of 25 m at Site 1 (MP2pwd). B. MP3 sediment thickness (S) of 
600m and palaeowater depth of 25 m at Site 1 (MP2pwd).
to minimise the magnitude of the eustatic fall in sea-level. The source of errors and 
there likely effect in each stage of the analysis are summarised in Table 6.4 and 
discussed in the following section.
6.3.5.1 Middle Miocene High Stand
The position of the Middle Miocene highstand immediately prior to the eustatic fall 
in sea-level is determined from the position of the top of MP2 plus palaeowater depth. 
The errors associated with establishing palaeowater depth are discussed below. Errors 
in establishing the position of the top of MP2 stem from determining the amount of
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erosion that occurred while the platform was exposed and how much compaction of 
MP2 has taken place. Without chilling data from Site 1, it is difficult to quantify the 
errors involved in these corrections. The corrections themselves are likely to be of the 
order of ten's of meter and hence the error may be 10-20 m.
6.3.5.2 Velocity
In the analysis, velocities are used to determine the thickness of the sediments to be 
removed during the backstripping. The effect of varying velocity and hence the 
thickness of the sediments can be seen in Table 6.2. A faster velocity estimate for the 
MP3 sediments increases the thickness which in turn increases the depth to the site of 
initiation of the MP3 platform at Site 2. This then leads to an increase in the difference 
in level between Sites 1 and 2 and consequently increases the estimate of the 
magnitude of the sea-level fall. Using slower velocities will have the opposite effect 
and reduce the magnitude of the event. This source of errors can only be eliminated 
completely if both sites are drilled.
ERROR ANALYSIS
PARAMETER ERROR EFFECT ON
m SEA-LEVEL FALL
true top of MP2 - erosion >+?20 increase
final position of lowstand up to ?+20 increase
compaction - Site 1 tens of m decrease
compaction - Site 2 7-30 increase
palaeowater depth ±10 m
faster velocity increase
slower velocity decrease
Table 6.4. Summary of the qualitative error analysis obtained by considering the effect 
of varying the parameters used to derive the magnitude of the Middle to early Late 
Miocene eustatic fall in sea- level.
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63.5.3 Palaeowater Depths
The effect of varying palaeowater depth at each site has been discussed in a previous 
section and is summarised in Table 6.3. As neither site has been sampled, the effects of 
palaeowater depths were considered for a range of values. However because we are 
dealing with shallow water carbonate platforms, the error in determining the 
palaeowater depth could be reduced to ± 10 m or less, if the sites were sampled.
The major sources of error in determining the magnitude of the Middle to early Late 
Miocene eustatic fall in sea-level are to do with establishing the original position of 
sea-level immediately prior to the fall and the levels of the site on which the initial 
shallow water carbonate sediments of the lowstand wedge were deposited. The errors 
associated with the former tend to have the effect of increasing the estimate of the 
magnitude of the eustatic fall in sea-level whereas those associated with the latter tend 
to decrease it.
The net affect of these potential errors is to increase the estimate of the total fall.
This factor combined with the use of conservative parameters suggests that the lower 
limit of the most likely range in values - 156 m - is a minimum value for the Middle to 
Late Miocene eustatic fall in sea-level.
6.3.6 DISCUSSION
The analysis presented above provides a range of values for the uncorrected 
amplitude of the Middle to Late Miocene eustatic fall in sea-level along with the 
corrections that must be applied to obtain the true magnitude of this event. The next 
step is to correct the raw estimates contained in Table 6.2 for a range of values that 
represent the most likely options for sediment thickness and palaeowater depths.
If it is assumed that the most likely range in thickness for MP3 is from 500-600 m 
then the uncorrected range is of values for the magnitude of the fall in sea-level is from 
156 m to 181 m (Table 6.2). If we also assume that the corrections due to compaction 
at each site cancel out and ignore erosion at Site 1, it is only necessary to consider 
corrections for palaeowater depth.
The minimum palaeowater depth a Site 1, is likely to be 25 m based on the results of
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drilling the lagoon section at ODP Sites 816 and 826 to the north (Shipboard Scientific 
Party, 1991b). Site 2 is located on the first shallow water carbonate buildup phase of 
MP3. The seismic character of the MP3 platform suggests that it is also a tropical 
assemblage. Such platforms are typically initiated in water depths up to 25 m or less ( 
Longman, 1981; Davies and Montaggioni, 1985).
Using 25 m for the palaeowater depth at the time of the initiation of MP3 gives a 
range of 156 - 181 m for the magnitude of the Middle to Late Miocene eustatic fall in 
sea-level (Table 6.3). Within this range 156 m must be considered a minimum value 
because of the conservative parameters used through out the analysis. If the effect of 
erosion of the top of the MP2 platform at Site 1 is taken in to account, these figures 
can only increase.
6.3.7 CONCLUSIONS
The Middle to Late Miocene eustatic fall in sea-level examined in this paper has the 
maximum amplitude of all the Cainozoic fluctuations shown on the cycle chart of Haq 
et ah, (1987). By quantifying the magnitude of this event it is possible to place an 
upper limit on the amplitude of glacio-eustatic sea-level fluctuations during sea-level 
the period.
As it is possible to remove the effects of subsidence from the record of this event 
preserved in the Miocene carbonate platforms of the Marion Plateau, a measurement of 
this eustatic fluctuation in sea-level can be obtained. The analysis presented here shows 
that the magnitude of the Middle to Late Miocene fall in sea-level was at least 156 m. 
During the analysis where parameters could not be accurately defined, values were 
chosen that would have the effect of minimising the value calculated for the magnitude 
of the fall in sea- level. Furthermore the effect of the corrections for compaction and 
erosion, which are yet to be quantified, will have the tendency to increase the estimate 
of the magnitude of this event.
For these reasons 156 m must be considered the minimum value possible for the 
maximum amplitude of glacio-eustatic fluctuations in sea-level during the Cainozoic. 
Perhaps more importantly this value can be readily refined because many of the
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assumptions that were necessary for this analysis can be removed by direct sampling of 
the platform.
6.4 MIOCENE SEA LEVEL RECORD
Figure 6.9 shows a compilation of stratigraphic events that are recorded in the 
Miocene platforms of the Marion Plateau. These events are assumed to be related to or 
caused by sea level fluctuations. The curve shows five highstand events during the 
Upper Oligocene to Early Miocene (MPla-MPle) corresponding to the five phases of 
mound development in MP1. The age of each of these events are not known and they 
are equally distributed over the period. The four highstand events (MP2a -MP2d) 
preserved in MP2 also equally spread between N.7 and N.10 time. The duration of 
each of these events is not known nor do I have any information on the amplitude of 
the falls that are inferred to separate each event. A highstand event (MP2e) shown in 
N.12 time at position below the last MP2 event (MP2d). This inferred highstand is 
based on the neritic N.12 sediments intersected at ODP Site 815. It is the highstand 
that occurred after the first stage of the Middle to Late Miocene eustatic fall in 
sealevel. The sea level curve for the Late Miocene is shown with four cycles (MP3a- 
MP3d) based on the number of growth phases in MP3 and on platforms on the 
northern margin of the plateau. MP3d corresponds to the last phase of platform 
growth that became a rapid relative rise in the Early Pliocene and led to the drowning 
of most of the plateau. The MP2d and MP3a events are offset by 200 m which is the 
approximate amplitude of the Middle to early Late Miocene eustatic fall in sealevel.
In Figure 6.10 the Miocene sea level curve for the Marion Plateau is compared to the 
curve of Haq et al., (1987) (version 3.1 A) and to the megasequences identified on the 
plateau. Much of the deposition on the plateau probably corresponds to TEJAS 
megacycle and the Neogene section to the TEJAS B supercycle set. Megasequence B 
(MP2 platform) corresponds to supercycle TB2 and Megasequence C (MP3 platform) 
to the lower half of supercycle TB3. Megasequence D which corresponds in time to the 
latter half of supercycle TB3 is the period in which the plateau drowned. I have not 
attempted to extract the sea level signal from this period. Within MSB and MSC
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Figure 6.9. Sealevel curve derived from the carbonate platforms of the Marion Plateau 
for the period from mid Oligocene to Pliocene. The curve is compared to the 
megasequences and each of the platform development phases (MPla-MPle, MP2a- 
MP2e) and MP3a-MP3d).
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al., (1987). Note the excellent correlation between platform events and the third order 
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there appears to be a good correspondence between the event stratigraphy (that is the 
number of platform phases) and the number of cycles proposed by Haq et al., (1987) 
for this period. The only event not identified on the Marion Plateau is the late Middle 
Miocene 2.6 cycle. Rocks of this age have not been recovered from the plateau but the 
modelling in Chapter 5.2.3.1 suggests that they should be present on the slope of MP2 
but not resolved by the seismic tool. The correlation between the number of cycles in 
MP2 and the Haq et al., ( 1987) curve suggests that either the base of MP2 may be as 
old as N.6 rather than N.7. G.C.H. Chaproniere (personal communication, 1992) 
suggested that this may be possible because of the difficulty of separating N.6 and N.7 
assemblages based on larger foraminifer alone.
The amplitude of the second order sea level fall during the late Middle and Late 
Miocene has varied considerably with each version of the curve that Vail, Haq and 
coworkers have published. The analysis of this event presented above and in Pigram et 
al., (1992) showed that this event probably had an amplitude of at least 180 m 
(assuming MP3 is a warm water platform). This amplitude provides a reference point 
against which other Neogene sea level events can be assessed. It also provides an 
means of obtaining another calibration of the oxygen isotope curve because this fall 
corresponds to a major shift in the curve.
Given the correlation between the Haq et al., (1987) sea level curve and the Miocene 
Marion Plateau curve, it is useful to examine the events recorded in the cool water 
platform (MP1) in the upper part of Megaseqence A. These platforms sit between the 
major unconformity related to canyon cutting on the eastern slope of the plateau and 
the base of MP2. If the base of MP2 is placed at N.6, and it is assumed that the canyon 
cutting was related to mid Oligocene fall in sea level, then according to Haq et al. 
(1987) there are five third order cycles (1.1 to 1.5) during the Late Oligocene and 
earliest Miocene. In Chapter 5.2.1.3,1 have shown that there are five phases of mound 
development in the cool water platforms. On this basis, it is possible to speculate that 
the cool water platform records these fluctuations. If this is correct, then the cool water 
platform has the longest duration (approximately 10 My) of all the platforms on the 
Marion Plateau and preserves a record of sea level fluctuations.
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The analysis presented in this chapter shows that there is an excellent Miocene sea 
level record preserved in the carbonate platforms of the Marion Plateau. This record 
probably includes a complete third order event stratigraphy covering the period from 
30 My to 4 My as well as a unique record of the amplitude sea level fluctuation during 
the late Middle and early Late Miocene.
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